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1, INTRODUCTION

As is well known, some meteorological data received at prognostic centers can
be distorted by so-called rough errors. Such errors may ofiginate in the course aof
measurement, processing, or communicating the data. Although comparatively rare,

A rough €rrors may lead,‘particularly in data-poor regions to substaﬁtial errors in analyzed
meteorological fields and, therefore, in predicted ones. That is why some special v
procedures are performed at every prognostic center both manually and automatically
trying to get rid of rough errors. These procedures are usually referred to as the quality

control (QC) of operational meteorological information.

The necessity of an automatic QC performed by a computer was recognized at -
the beginning of the numerical weather prediction era (Gilchrist and Cressman, 1954),
and the first such methqu were proposed and' applied soon after that (Bergthorsson and
Db&as, 1955, Bedient and Cressman, 1957, Staff Members, Joint Numerical Weather
Prediction Unit, 1957). There was, however, little progress in improvement of QC
methods during several following decades, just because the most important task was to
improve existing prediction models and data assimilation systems, and also because the
QC design was considered by maﬁy speciélists as a purely technical task having nothing

to do with science.

As a result, the QC systems in operational use for many years at major
prognostic centers were due to tradition rather than to logical reasons, and the NMC was
not an exception. Until several years ago, the QC system at NMC consisted of four

sequentially performed procedures:

(1) Subjective QC, mostly of rawinsonde data over North America, by the Senior
Duty Meteorologist (SDM) or another-specialist at the Meteorological Operations Division
(MOD). It resulted in deletion of some data determined to be wrong, or even in the

subjective correction of some of them.

_ (2) QC of rawinsonde data by a-.computer program called HYDROCHK, which
found violations of the hydrostatic equation, as well as unrealistically large vertical
gradients of wind (the wind shear). All data rejected and many of those modified by the

HYDROCHK were not used in the course of the data assimilation.
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(3) The so-called gross check was applied to differences between each reported

- value and its forecast first guess, defined as a numerically predicted value from initial
data 6 hours (or 12 hours) before. We shall call these differences increments (in contrast
to "full values”). 'If the absolute value of an increment was very large then the reported

value was purged.

(4) The buddy check compared each increment with those at two closest points.
If the increment under check differed substantially from the other two while they were

close to each other, then the reported value was purged.

The situation with the QC at NMC has become much better during the last few
years due mainly to substantial amount of work performed at the NMC Development
Division (DD} under the general supervision by Dr. E. Kalnay. The gross check and
buddy check have been repléced by the Complex of Optimum Interpolation Checks
designed by J. Woollen (1991). The functions of HYDROCHK were taken by the
Comprehensive Hydrostatic Quality Control (CHQC) which is capable of confident,
eﬁtirely automatié, corrections of many errors detected by it (Collins'and Gandin, 1990).

The CHQC also provided MOD with outputs containing information on those
detected errors which the CHQC was unable to correct. This marked the beginning of an
interactive QC performed jointly by a computer program and by a human specialist.
Unfortunately, the lack of appropriate software at the MOD hampered this interaction
under bperational conditions. Nevertheless, many MOD specialists expressed their
interest in this new kind of fheir activity, and the CHQC outputs provided, at least, a

good training tool in it.

A Complex QC of significant level temperature, using data already quality-
controlled by the CHQC, was designed soon after that (Collins, 1990), and its algorithm
was included into the CHQC one. o

The CHQC was in operational use at NMC for about three years. It proved to be
very productive not only in its operational mode. Quasi-operational monitoring of the
»C‘HQC outputs, which was performed on a regular basis by DD specialists, as well as
their analysis of automatically produced CHQC Monthly Summaries, allowed us to
discover many problems with operational data arriving at NMC and to resolve some of
these problems (Gandin and Collins, 1990, Morone, Gandin-and Colliné, 1992). The
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CHQC algorithm is well documented, and the code is now used at many other centers,

~ both in this country and abroad.

It was understood from the very beginning that the CHQC design and _
implementation wa.sjust the first stage in devéloping a much more advanced Complex
Quality Control (CQQ) 6f rawinsonde data on height and temperature, containing other,
statistical, checks in a complex W|th the hydrostatic one. The CQCHT (Complex Quality
Control of rawmsonde data on Helght and Temperature) design at the NMC DD was
begun in January 1991. After several months of thorough testing and improvements,
the CQCHT has finally replaced, in November 1991, the CQHC as an operational data
quality control at the NMC. ‘

The CQCHT Decision Making Algorithm (DMA) is a complicated code containing
very many logical operations. Although written in a highly modular format, the CQCHT
code consists of as many as about 13,800 FORTRAN 77 lines (as compared with about
3,000 lines of the CHQQ). This is quite natural: while each CHQC decision was based on
an analysis of three (or less) hydrostatic residuals (Collins and Gandin, 1990), the
CQCHT DMA analyses a combination of up to 15 residuals of several checks in order to

make each decision.

As will be explained in some detail below and illustrated by many examples, the
CQCHT is substantially more productive than the CHQC was. The CQCHT DMA not only
automatically éorrecté a majority of those errors which were only‘suspected by the
CHQC, it also detects errors that could not be detected by the CHQC and automatically
corrects many of them and, also aufomatically, excludes non-correctable wrong data
from the set used in the data assimilation systems. As a result of the CQCHT
implementation, several kinds of human activity in the QC have become unnecessary
because the computer performs this work aufomatically. This means that the MOD
specialists have now more time and opportunities to perform less technical, more

meaningful work, than before the CQCHT was implemented.

An essential part of this work is, or ‘at least should be, the interaction of MOD
specialists with the automatic quality control performed by the CQCHT. The CQCHT
DMA provides the MOD specialists with a special output, just as the CHQC did beforé.
Superficially, these actionsy by CHQC and CQCHT look analogous, but the essence is
quite different. An overwhelming majorit;/ of cases, which would be sent to MOD by the
CHQC DMA, are now treated by the CQCHT DMA entirely automatically (as are'many '
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.other cases not even detectable by the CHQC). The cases transferred to MOD by the
CQCHT DMA include the most complicated ones, those for which the help by a human
specialist is highly desirable. In order to be able to provide such help, the specnallst has
to know quite perfectly, among other things, what the CQCHT is and how it works.

How can this understanding be achieved? Studying the CQCHT technical
documentation, i.e., the code itself and comments to it, would practically lead nowhere,
the code is too complicated. On the other hand, the desirable actions of a specialist can
not be formulated by simple rules, like "if you see this and this, do that and fhat":
everything that mi'ght be described this way has been already programmed and is
automatically performed by the CQCHT DMA.

The only solution to the problem is to provide the MOD specialists with
appropriate training, performed by the CQCHT developers. This should include some
' lecturlng as well as practical assistance in the operational wark with the CQCHT outputs.
In order to make the training more effective, it is highly desirable to provide participants
with a kind of guide book allowing them not only to find information about various
details of the CQCHT and its outputs, but also to understand better, so to say, the spirit
of tl;le Complex Quality Control and the role of human specialists when interacting with-
it. ’

This is one main aim of this Office Note. It may be also used by specialists '
mvolved in design and application of the automatic quality control, particularly by those -
who want to design and implement their own QC algorithms analogous to the CQCHT.
Several specialists at various centers already expressed their desire to do so. We hope
that this Office Note can facilitate their work. Naturally, the Office Note provides the
major documentation of the CQCHT for everyone who needs information about its

_ methodology and operation.

" The text is organized in the following way. The overall structure and functioning
of the CQCHT algorithm is described in Section 2. Section 3 presents all individual
checks used in the CQCHT, and their reaction to errors of various kinds is described in
Section 4. Section 5 contains existence and magnitude conditions for hydrostatically
suspected errols, as well as equations for hydrostatically proposed corrections. The
most complicated part of the CQCHT, its DMA, is described in some detail ln Section 6,
and more details about the DMA can be‘found_ln Appendix B. Description of the
CQCHT operational output, as well as of its modified form used in this Office Note and
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of the Events File, is given in Section 7. Numerous examples, illustrating various aspects
of the CQCHT DMA functioning and of the interaction with specialists, are presented in

Section 8. The final Section 9 contains some general conclusions.’

,
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2. General Description of the CQCHT' Algorithm

A 2.1. Statistical checks.

The CQCHT algorithm, like that of any CQC, consists of two major parts: the
checks and the Decision Making Algorithm (DMA). Every result of each check is ‘
‘described in its quantitative form by so-called residual, reflecting the degree of ‘
inconsistency found by this particular check. Residuals of all checks are then analyzed
by thé DMA in order to detect and, if possible, to correct erroneous data. Table 2.1
contains thé list of CQCHT checks. Only the first two of them, the hydrostatic check and
the baseline check, were in the CHQC alg_orithm {and the baseline check resu!ts_were not
used by the CHQC DMA), all other checks are present.only in the CQCHT. .

Formally, the incremental check does not differ from what was called the gross
check: it just considers the difference between reported value and its forecast first guess
(the increment) and suspects the reported datum if the absolute value of the increment
vis large. However, the main aim of incremental checks in the CQCHT is quite different
from that of grbss checks: the incremental check is used in arder to confirm (or deny) a
correction proposed by the hydrostatic or the baseline check, or to chose anﬁong several
corrections implied by that check. The incremental check is much 'more sensitive under
these circumstances than if applied solely, i.e., as a gross check. Moreover, the presence
of other checks makes the incremental check results more informative even‘when there

are no hydrostatic or baseline check suspicions.

At the same time, large increments may also be caused by errors in the forecast
first guess. That is why two other checks, horizontal and vertical ones, are included in-
‘the CQCHT. Both are optimum interpolation checks applied to increments. The
interpolation into the station under check from four (or fewer) surrounding stations is
performed by the horizontal check, and the difference between the increment at the
station under check and its interpolated value is the horizontal check residual. If the
residual is large, then the reporte'd value is suspected. As to the vertical check, itis
analogoué to the horizontal 6ne, except that vertical interpolation from two surrounding
levels (or from one if the level under check is the lowest or the highest among those
reported) is used instead of the horizontal intefpolation. Both horizontal and vertical
check residuals are also ﬁsed; additionaj_ly to increments, in order to examine the

hydrostatic and baseline check suspitions.
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CQCHT checks

Table 2.1

Name Applied to Residual

Hydrostatic | Each layer between neighboring | Difference between the layer
"complete” mandatory surfaces | thickness computed from heights
i.e., surfaces with neither - of its boundaries and that

- height (2) nor temperature (T) hydrostatically computed from
missing their temperatures. Also applied in
| terms of temperature

Baseline Layer between the station level | Difference between z_ in station
(z,) and lowest reported dictionary and z, hydrostatically
mandatory surfaces camputed from surface pressure p,

and heights z, and z, of lowest
reported surfaces. Also apphed in
_ terms of p,, ;, and 2,

Incremental | Reduced mean sea level- Difference between the reported
pressure, temperature and | value (or reduced mean sea level
height of all mandatory pressure) and its first guess (called
surfaces, if (and where) the the increment)
forecast first guess is not’
missing

Horizontal Reduced mean sea level Difference between the increment
pressure, temperature and at the station and its value
height of all mandatory interpolated from four (or fewer)
surfaces, if (and where) the surrounding stations situated in
forecast first guess is not different quadrants
missing :

Vertical Temperature and height of all Difference between the increment
mandatory surfaces, if (and at the level and its value '
where) the forecast first guess interpolated from two surrounding
is not missing levels (or, for the first and the last

level, extrapolated from the
neighboring level)

We shall refer to incremental, horizontal and vertical checks as statistical checks,

m contrast with hydrostatic and baseline checks WhICh are functlonal or "quasi-

' functlonal

'_2.2. Hydrostatically suspected errors.

It was decided from the very beginning to design the CQC'HT as a generalization
of the CHQC, rather than as a completely new algorithm. The main reason for doing so

was that the hydrostatic check is much more sensitive than statistical checks are and it

can identify most correctable errors by itself. It is also important that the first guess

information, which is necessary for statistical checks, is not universally available. The
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NMC prediction models still have insufficient vertical resolution at high elevations, and
thetefore no first guess data exist for heights exceeding that of the 50 HPa surface.
Moreover, it happens sometimes that the first guess is available only up to the 100 HPa
surface, or even not available at all. Under such conditions, the CQCHT just reduces
itself to CHQC. It is certainly inconvenient to deal with such a "mixed" situation, but that
is much better than hot to perform any QC where and when there is no first guess

information.

As described in detail elsewhere (Collins, Gandin, 1990), the CHQC DMA uses
hydrostatic residuals for neighboring layers in order to detect erroneous data and to
investigate the cause of each detected:error. To deal not only with isolated
' communication-related errors, but also with such errors at two neighboring mandatory
levels, the CHQC DMA analyses hydrostatic residuals for three neighboring layers, i.e.,

for four levels.

Like the CHQC, the CQCHT uses a "template" of four mandatory levels, moving it
upwards, level by level, for each report. It also uses the same set of hydrostatically
suspected error types (Table 2.2) and the sameialgorithms to detect them. The
subsequent actions of the CQCHT DMA are, however, quite different. The CHQC DMA _
automatically corrected all confidently correctable communication-related errors, ie,
T\jpe 1,2,7,8,9 and 10 errars, leaving all other data unchanged and providing the MOD
with information about other suspected errors. As to the CQCHT DMA, it first examines
for each such correction (like for those of other types), what will happen to statistical
check residuals after the correction, and makes the corrections only if these residuals
will become sufficiently small. This is almost always the case with single confidently
correctable errors, i.e,, Type 1 and 2 ones. There are, however, some rare exceptions,
when the DMA decides to make no correction, either rehabilitating the hydro’staticélly
suspected datum, or leaving it suspected. The same is true for hydrostatically suspected
errors of Types 7-1 O', i.e. errors at two adjacent levels. In those cases, however, an
intérmediate decision is also possible: to correct one of two suspected values, not

" changing another one.

When analyzing increments and horizontal check residuals for heights, the DMA
takes into account that comparatively large values of them may result from rather small
observational errors (or first guess errors) in the temperature, if these errors persist

vertically. The DMA considers therefore not the residuals of height incremental and
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Table 2.2. Types of hydrostatically suspected errors.

Type Suspicion
1 Communication, in Z, @Q<k<N-1)
2 Communication, in T, (2<k <N-1)
3 Communication, in T, and Zy (2 <k < N-1)
4 Communication, in T, and/or Z,, or computation of Z,-Z,
5 Communication, in Ty, and/or Z
6 Computation of Z,,, - Z, (2<k<N-2)
7 Communication, in Z and Z,,; (2<k< N-2)
8 Communication, in T, and T, (2 <k <N-2)
9 Communicati_on, in Z, énd T (2 £k <N-2) (denoted Type 19
forZand 29 forT)
10 Communication, in T, and Z,,, (2 <k < N-2) (dencted Type 20
 forTand 10 for2) - ’
11 Like Type 1, but small
12 Hydrostatically‘ proposed correction would lead to substantial
super-adiabatic lapse rate '
13 ' Data hole including 100 HPa surface | |
14 " Data hole not including 100 HPa surface
22 Like Type 2, but small
99 Hydrbstatically proposed corrections of Type 8, 9, or 10 would
Iéad ‘to substantial supe'r-adiabatic lapse rate

horizontal check themselves, but their deviations from the'average of their values at two
surrounding mandatory levels. As a result, a height correction is often accepted by the

DMA when it makes the increment large but 'cor_lsister‘lt with the backgrou'nd formed by

those at adjacent levels.

Due to the involvement of statistical check residuals, the CQCHT reaction to

comparatively small hydrostatically suspected errors (Types 11 and 22) does not differ

from that to large errors of the same kind (resp., Types 1 and 2). The only difference is

that the DMA much more often decides not to change a datum in spite of the

hydrostatically suspected Type 11 or 227error, than happens with Type 1 or 2 error

suspicions. The only reason to preserve Types 11 and 22, not merging them with Types
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1 and 2, is the fact that the first guess may be missing. Particularly, the DMA never
reacts to Type 11 and 22 suspicions at 30 and 20 Hpa.

Nbr does the CQCHT DMA reéct to hydrostatic suspicions of Types 12 and 99,
i.e., to hydrostatically proposed corrections which would result in an unrealistic lapse
rate and are not made therefore by the CHQC. Statistical checks provide much better
information for the DMA decisions, than that resulting in Types 12 and 99. These types
are, however, preserved juét in order to protect against wrong corrections when the first
guess is missing. Preservation of these types (unlike that of Types 11 and 22) may, at
least in principle, lead to inability of the CQCHT DMA to find proper correction of som'e

- data correctable by the aid of statistical checks and, therefore, to rejection of such data.

Except for Types 12 and 99, the CQCHT DMA automatically analees each -
hydrostatic suspicion and makes corresp'onding correctioné (if any). To do so, the DMA
considers what would happen with statistical residuals after the correction(s): if they
would become reasonably small, then the correction is performed, otherwise another

- option for correcting the error(s), if such an option exists, is investigated, and so on.

As considered above, there exist only twao trivial options for Type 1 and 2 errors:
either to correct the suspécted datum or to Ieaye it as it was. The same is true for a Type
6 error suspicion, i.e., a probable error in a layer thickness computation. if the
incremental and horizontal residuals for several heights above this layer would become
small after these heights are corrected, then the corrections are made, otherwise all

heights remain unchanged.

There are as many as four options for a Type 3 hydrostatic suspicion, i.e., that of
communication errors in both temperature and height of the same level: to correct both,
to correct only temperature, to correct only height, to correct nothing. To chose among
these options, the DMA uses the same approach, it analyses resulting statistical
residuals. just like Type 7-10 suspicions, it happens comparatively often that only one
of two hydrostatically suspected parameters should be corrected. It is convenient to uyse
a "mathematically-absurd” notation for such evénts, connecting suspicion and correction
types by the equality sign. For example, Type "3=2" denotes that, despite a Type 3

hydrostatic suspicion, only the temperature was found wrong and corrected by the DMA.

The situation with Type 5 hydrostatic suspicion, that of a communication error at

“the highest level (among those reported), may seem quite analogous to that with Type
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3: the DMA also has four options, "5=1", "5=2","5=3" and "5=0". There is, however, an
important differe’nce (reflected by the absence of a "mathematically correct” option, like
"3=3"). A Type 5 suspicion is based on only one Iarge hydrostatic residual, that for the
highest layer, and therefore the corrections of types "5=1" and "5=2" proposed by the
hydrostatic check are, so to say, of equal footing, none of them is preferable a-priori.
The DMA first examines these two options. If none of them is acceptable, it attempts the
| option "5=3", trying to corrects both témperature and height of the highest level. When
doing so, the DMA makes more essential use of statistical checks, than just to confirm or
deny corrections: the statisticél residuals allow a proper partitioning of the hydrostatic
residual, that is, to specify its parts caused by errors in temperature and in height. If
none of the options "5=1", "5=2" and "5=3"is justified by sufficiently small resulting

statistical residuals, then the option "5=0", making no correction, is chosen by the DMA.

The situation with Type 4 Hydrostatic suspicion, that of an error at the lowest
level, is even slightly more complicated, because five options, "4=1", "4=2", "4=3", "4=6"
and "4=0Q", are considered by the DMA. The first three of them are analogous to those for
Type 5 suspicion, and so are the DMA actions. As to the "4=6" version, assuming a
corﬁputational error in the thickness of the lowest layer, the DMA uses it as a last reéort,
when none of three first options achieves its aim. The DMA actions in that case do not

differ from its treatment of a Type 6 hydrostatically suspected error.

The treatment by the DMA of two remaining hydrostatic diagnoses, those of so-
called data holes (Types 13 and 14), contains much in common with that of Type 4 and
5 suspicions. A data hole is a sequence of two missing levels (that is, levels with no
data on temperature and/or height) in a row. If a hole includes the 100 HPa surface,
thus dividing Parts A and C of the rawinsonde report, it is assigned Type 13, otherwise it
has a Type 14 diagnosis. |

Since the layer between the hole boundaries is thick, its hydrostatic'residual may
‘be distorted by the influence of the temperature profile curvature. The value of this
residual cannot therefore be trusted. This means that the parts of such a report before

the hole and after it should be treated as if they were two separate reports.

That is exactly what the DMA does. It considers the hole's lower boundary as an
upper boundary of a report, making and treating the hydrostatic suspicion at this level
just like it does for a Type S suspicion. Aﬁ'alogously, the DMA actions with a hydroétatic

suspicion at the upper boundary of a hole are like those with a Type 4 suspicion.
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In most cases, however, the DMA concludes that there were no errors at the
hole's boundaries and decides to retain these data in spite of the large hydrostatic

residual within the hole.

2.3. Errors detected with the aid of the baseline and surface pressure

‘ checks.

The baseline check is essentially a hydrostatic check applied not to a layer
between two mandatory isobaric surfaces but to the layer between the earth's surface
(or sea level) and the lowest reported mandatory surface. In order not to be perturbed
by local effects, the baseline check does not use the observed surface air temperature,
extrapb!ating instead its value, estimated from heights of two lowest mandatory
surfaces, to the station level, using the standard lapse rate of 6.5 K/km. In the CQCHT,
the baseline check is éccompanied by the incremental and horizontal checks of the
surface air pressure. To obtain the increments, _both observed pressure and the first
guess are first reduced to the mean sea level, so that these two checks are actually

checks of the mean sea level pressure.

Extrapolation involved in the baseline and surface pressure checks diminishes
their accuracy, particularly for elevated stations. Nevertheless, these checks prdved to
be sufficient, in corroboration with each other, as well as with other checks, to diagnose

and correct several types of errors. These types are listed in Table 2.3.

Table 2.3. Types of errors detected with the aid of baseline
and surface pressure checks

Type Cause Correction -
100 | Communication, in P, o3

101 | Communication, in z, (T, z;

. missing) ‘ :

102 | Not-specified | none

106 | Observation, in p, .| p, and all heights
116 | Computation, z; all heights.

Type 100 error is a communication-related error in the surface pressu;e. The
DMA recognizes it by the fact that the surface pressure increment, its horizontal residual
and the baseline residual expressed in terms of surface pressure are all large and close
to each other. Such an error does not ihfihe_nce anything except the surface pressure,

“and the DMA corrects this pressure.

2.7



An error of Type 106 is also in surface pressure, but it is a measurement error,
and it acts in quite a different way. It also leads to large increment and horizontal
residual of the surface pressure, but the baséline residual is small and, most importantly,
this error results in errors in all mandatory level heights. These errors are close to Kpp',

- where p' is the pressure measurement error and

_RT
 ar
(Practncally, pis equal to 8 m/HPa for stations close to the sea level and

increases with the station elevatlon ) To dlagnose a Type 106 error and to estimate. |ts
value, the DMA uses statistical residuals of both surface pressure and mandatory level

heights. It then corrects the surface preésUre and all reparted mandatory level heights.

A Type 116 error also dis'torts all-heights, but its origin-is quite different: a
computational error in the thickness of the layer between the station level and the
lowest reported mandatory surface. Such error, unlike those of Types 100 and 106,
does not result in large statistical residuals of the surface pressure. It leads to a large
baseline check residual (in terms of station elevation) and to large statistical residuals of
all heights. To diagnose a Type 116 error the DMA compares increments and
horizontal residuals for several ldwest mandatory levels between themselves and with
the baseline check residuals. If they are sufﬁciently close to each other, then the error is
diagnosed and all heights are corrected. These corrections are analogous to those of

Type 106 error, except that nothing is done with the surface pressure.

It often happens, in accordance with existing rules, that the temperature of the
lowest repofted surface'(or even of several surfaces) is missing.. The hydrostatic check
.does not react therefore to a communication error in the height of such surface, but the
baseline check does, as do the statistical checks of this height. Thisis a Type 101 error,
it is diagnosed and corrected whén the statistical. residuals for such height are large and

close to the baseline residual expressed in terms of this height.

One should mention that the DMA behavior with errors diagnosed with the
baseline check's aid is different from.that with hydrostatic suspicions (and close to the
' CHQC DMA actions): the DMA not only diagnoses errors of Types 100, 101, 106 and

116, it immediately corrects each such error. There actually is no other possibility,
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because several checks, not only the baseline one, are used to identify each of these

types.

That is why an additional category, Type 102 error, is used, that for unidentified
baseline and surface pressure check suspicions. For these suspicions, it is not clear not

only whether any error exists, it also remains unknown which data, if any, are in error.

The DMA also uses the baseline check results (if they are available) when
analyzing hydrostatically suspected communication errors at the lowest rhandatory level
(Type 4). In such cases, however, the baseline check is used as an auxiliaw ‘way to |
confirm (or deny) the height cdrrecﬁon (Type "4=1") or the partition between the '
temperature and height corrections, proposed by ather checks (F\}pe "4=3").

2.4. Observational errors. Scans and decision types.

A substantial advantage of the CQCHT over the CHQC is its ability to detect
errors of observational origin. As long as the heights of mandatory surfaces are not
obtained from independent measurements but computed hYdrostaticaHy from
temperature profiles, the hydrostatic check does not react to these errors, and this
absence of reaction proves to be a powerful means to identify observational errors. it is
also important that, due to the hydrostatic computations, even small errors in !
temperature measurements may result in large errors in heights of elevated mandatory
s.urfaces, if the temperature errors, as most often happens, persist along the vertical.
For example, a temperature error as small as 2K, but bersisting vertically, leads to an

error in the 50 HPa height which exceeds 300 m.

If there were no hydrostatic or baseline suspicions‘for a report, then the DMA
simply considers, on its second scan through the report, absolute values of all statistical
check residuals for every repdr;ed datum. If several of these residuals exceed some
limits, then the datum is suspec{ed for its distortion by observation error(s).. For those
reports, which underwent correction(s) on the first scan (or even on the second scan as

well), corrected values are analyzed instead of reported ones.

There are actually two sets of limits used by tﬁe DMA in making its decisions. If
only the lower among them is exceeded, then the DMA requests a specialist's decision
whether to reject dr to retain the datum (DMA Decision 3, see Table 2.4). If the
statistical residuals are very large, so that the higher Iimits‘are exceedéd, then the DMA

assigns a flag for the datum to be r‘ejected from the set used by the assimilation system
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(Decision 4), but still provides the MQD with all information about this. These actioné,

common for all quality control methods, will be referred to as "rejection” or "deletion”.

Table 2.4. DMA decisions: ‘
‘Decision No. Description

‘Automatically corrected

Suspected, retained as it was (rehabilitated)
Suspected; likely bad, not corrected
Definitely bad, not corrected

Vi B W N =

Undetermined baseline error (used only for Type

102 suspicions)

It is thus the CQCHT Scan 2, that deals maihly with observational errors in height
and temperature of mandatory surfaces, while communication and computation errors
are dealt with by the Scan 1. It happens sometimes that the' DMA decides, on the first
scan, not only to decline a hydrostatically proposed correc'tion'of a datum; but even to
suspect an observation error in it. On the other hand, the second scan is sometimes
used to correct some errors still remainihg in a report after the first scan. Such cases
are, however, rare exceptions. As a rule, the Scan 1 is for correction and the Scain 2 s

for rejection.
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3.0 COMPLEX QUALITY CONTROL CHECKS
3.1 HYDROSTATIC CHECK

The single most important check is the hydrostatic check. The first version of
the CQC program (CHQC) used only the hydrostatic check and yet was able to make
roughly half as many corrections as the full program. "It will become clear which

corrections may be made solely with this check.

The hydrostatic residual is defined as the difference between the thickness of a
layer computed from the mandatory level heights and computed from the mandatory

level virtual temperatures. It is
Snp = Zp = Zn—Anp — Bip (Th+T)

where T is the virtual temperature in Celsius and z the geopotential height. The
residual, Sit 20 1S calculated between every successive pair of mandatory levels, /T and /2,
with non-missing height and temperature. The coefficients, A and B, are summed over -

any layers that may have missing data. For a single layer, i.e. no missing data,

A= (—B—-Jln[—p—"—} (=1,i+1=12)
, T(.)g pi+l

e (EM2)
’ 29 pm

where T, = 273.15K, R is the gas constant for dry air and g is the acceleration of gravity.

and

For layers with intervening missing data

12-1

AILI2 = Z,Ai,iﬂ

i=n
and
[2-1

Blf,iz = ZBi,m-

i=N
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The hydrostatic residual may alternatively be expressed in terms of temperature.

This is useful when considering corrections to temperature. In this fofm, it is written as

_Sne [ Zn-2Zn-Anp
nr = =

== ~Th=Tp
B J i

Bir

3.2 INCREMENTAL CHECK

The incremental check forms the difference between the observation and a 6
hour forecast interpolated to the observation location. The increments are formed at the
réwinsonde mandatory levels: 1000, 850, 700, 500, 400, 300, 250, 200, 150, 100, 70
and 50 HPa. The 925 HPa level is not presently considered, nor are levels above 50 HPa.

Since the CQC code is presently run on the HDS 9000 computers, only spectral
model pressure coefficients at reduced truncation are available. From these, a 2.5 by
2.5 degree, latitude/longitude grid of heights and temperatures is formed. These values

are interpolated bi-linearly to the observation locations. The increments are then

where |, is the increment, o, is the observed value, and g, is the "guess” value

interpolated to the observation location.

One potential problem is the influence on the increment of guess errors. Usually,
temperature guess errors are .smaH, but their influence on heights can be considerable,

nevertheless. The following discussion showsa method of reducing this influence.

* The increment can be referenced to the truth, writing it as

i =(0;-t,)-(g; ~t)

where ti‘repfesents the "true” value (its exact definition is not important for our

purpose). In the absence of error, the first term is small, but the second term will reflect
forecast errors. It is the influence of this second term that can confuse decisions
regarding the quality of mandatory levél'height. However, if the value of i, is

differenced from the average of its neighbors vertically, the following is obtained.
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d' =] (Il 1 +l/+l)

( "“t) [( ;-1)+(bi+1fti+1)]
( “t)“l‘ [( tr—l)'l'(g.m_tm)]'

Again, in the absence of error, the (o-t) terms will be small. And the (g-t) terms will also
be small, since the vertical change (or curvature) of the forecast error is normally small.
Therefore, whenever d; can be calculated, it is used in making decisions of the quality of
heights, rather than i.. It will be referred to as the increment deviation.

3.3 VERTICAL CHECK

The vertical check provides the vertical residual; the difference between the
observed increment of either helght or temperature on mandatory surfaces and the
vertically lnterpolated value excluding the value at the observation level in the
" interpolation: Only the two adjacent pressure levels are used in the interpolation. The

general form of the residual is
v , .
Sp =0, =Wl — Wil

where s¥yis the vertical residual, o, is the observed increment, Wi, and wy,; are Optimal
Interpolation (Ol) weights and ip; and j;; are observed increments at the adjacent levels.

The index, /, is for the vertical level.

‘The weights are determined using Ol theory. They are given by

Win= ((]‘l‘ 7)”u+1 = rl,/—-lrl—l,l_-l-l) ((] + 7’) —h 1/+12)

and

W, = ((1 + 7’)"11-1 - r/,/-lrt-],m) / ((1 +Y )2 - rl—l,l+]2)

where w's are the weights, *11,12 is the correlation of the increments between levels /7
and /2, and y = 0.5 is the assumed ratio of the observation to 6-hour forecast error
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variance. For the lower and upper levels, the extrapolation uses only the adjacent level.

The equations are simpliﬁed to
sh=0,-W.i
with

w, =r_/(+y)

~where + refers to quantities at the boundary and - refers to quantities at the level

adjacent to the boundary.

The correlation model is similar to that used in NMC's regional system:

1
,n( an
-\ P

‘where r;, |, is the vertical correlation between increments of variable v at levels /7 and

e = 12

1+¢c,

{2. The value of ¢, is 1.1 for height and 8.0 for temperature.

3.4 HORIZONTAL CHECK

~ The horizontal check requires several s"ceps. Each step will be described in some
detail. They are listed as: _
" 1. Placing the data within 5-degree latitude/longitude cells.
2. Collection of data to be used in the check, surrounding each observation point.
3. Computation of the terms of the weight equatlon matrix.
4. Solution of the equatlon ‘

5. Computation of the horizontal residual.

3.4.1 Placing the Data Within 5-degree Cells

As the data are read in, a list is made of the station Iatltudes and longitudes.

These are placed in an ordered array, increasing with (east) Iongltude and separated into
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5-degree latitude bands. The diagram below schematically shows the result. The
ordered index of stations increases within each row, beginning in the south, and
progressing northward (upward). An array is set up with the indices of the observations

within each box, to be used in _thAe- next step.

Tom
117 o el i)
m ' ip ™4 kP
Q
8
) 5 97
[ 9] 4

Fig. 3.10rdering of Stations by Latitude/Longitude

The diagram is only schematic as there are actually 72x36 boxes and around 700

observations.

3.4.2 Collection of the Data

The purpose of the collection is to make available an array of observations from

" which some will be selected to compute the horizontal residuals. The list is first
narrowed down by selecting: data from only those 5x5-degree hoxes that are within
about 20 degrees of latitude of the observation to be checked. The data within these -
boxes is known frb’m the previous step. From this list, the final selection of four
observations will be made. The number is limited to four in order to reduce the possible

influence of erroneous abservations at surrounding stations.

The distance and angle between the observation to be checked and each data in
the nearby boxes is determined, and the observations are ordered by distance. As the
increment most highly correlated with the data point is the closest, the closest

observation, if it exists, is selected for each compass quadrant.
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3.4.3 Formation of the Terms of the Weight Equation Matrix

The equation for the residuals'may be written
h -
st =0, Y Wi,
=1 .

where sh| is the horizontal residual, o} is the observed increment value, w;j are the

weights, and i; are the increments. - The weights are given by
XW=R

or

I+ K, Fy Ky W e
fy 1+e By - By (Wl (g
fy e Ry (Wil |
Fo o Kz 1w [

where the unkrnown weights are w, € is the ratio of 6-hour observation error variance to
forecast error variance, and 'ri,. is the correlation between the increments at points i and j.
The observation point is denoted by the subscript 0. The correlations are modeled with

a squared exponential form that depends only upon distance:

' 2
ty = exp(—kd,.j )
The constant, k, has the value 3.5x106m2.

3.4.4 Solution of the Equation

The set of linear equations for the weights is solved by the Crout reduction
method (see e.g. Hildebrand, 1974, p. 545). The method may be described by the
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following equations:

T
Xy = Xy = D XXy (iz])
k=1
‘ 1 i o
Xy =—| Xz = D Xy Xy (i<])
Xii k=1 _

1

Co =
== "i"zxikrk
i k=1

n
w, =t — zxikwk
k=i+1

‘The equations are used sequentially. The first two equations determine the intermediate

which is used finally in the last equation to give the

quantity x';, the third determines ',

weights w,.

3.4.5 Calculation of the Horizontal Re;sidual

The calculation of the horizontal residual consists in evaluating the equation

given above. It is repeated here:

4

h .

S =0, Z,Wi’i
-

' The forecast error can influence the horizontal residuals, just as for the increments. -
Therefore, the difference of the horizontal residuals from the neighbors in the vertical
can be helpful in reducing this influence, just as for increments. This difference is called

the horizontal residual deviation, and is defined by
1
dy =57 - 5(57-1 + Slh+1)'
3.5 BASELINE CHECK

The baseline residual is the difference between the station elevation (given by
 NMC's dictionary) and the value consistent with the two lowest reported mandatory level

heights. In calculating the consistent value, a constant, standard, lapse rate, b, is
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assumed (6.5 degrees/km) The baseline residual is computed by the followmg series of

equations.

b=-.0065deg/m
z=(z+2)/2

Rb

&= (EJ_;
-\~ :

where Z is the mean layer height, T is the mean layer temperature, z 4 is the NMC

dictionary value of the station elevation, and z,%is the calculated station elevation. The

baseline residual is sb.

In addition, the baseline algorithm calculates the following: 1) p,¢, the correction
to the surface pressure value that would lead to zero baseline reSIdual 2) p,,; the
reduced mean-sea-level pressure, and 3) z,cand z,5, the corrections, to the lowest and
second reported level heights which ihdividual!y would lead to zero baseline residual.

They are calculated from the following equations.

&l

ps = B

1+ b(zf —z])
Z)

T +bz -

g
1+ bzd \re:
P = Ps| 7=
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3.6 REDUCED MEAN-SEA-LEVEL CHECKS

In order.to be able to check the reported surface pressure value, it is necessary
to refer it to a common height. This is accomplished by first reducing the reported
surface pressure to mean-sea-level. The reduction of the reported value is done along
with other baseline computations; the equations were given above. In addition, the
"guess” value of the mean-sea-level pressure (mslp) is obtained by the identical method,
using the 6-hour forecast 1000 and 850 HPa heights. From these, the increment.may be

obtained.

where i is the increment of mslp, o™ is the value reduced from the observed lowest
- level heights, and gm.is the value reduced from the 6-hour forecast values of the lowest

level heights.

A horizontal optimal infe_rpolatidn check of the mslp is also performed, thus
comparing the pressures ét nearby stations. The collection of data and interpolation are
made in the same way as for mandatory level values of height and temperature. Even
the horizontal correlation function used is the same.- The reader is referred to
subsection 3.4 for the details. . The resulting residual of the harizontal interpolation of
mslp is denoted s™. In terms‘of the interpolation weights w” and the increments, i at

the four surrounding points, it is:

s™ =0o" — Ew”‘i”’
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4.0 REACTION OF CHECKS TO VARIOUS ERRORS

The previous section outlined the checks used by the CQCHT: hydrosiatic,

~ incremental, horizontal statistical, vertical statistical, baseline, p, -increment, and p_
horizontal statistical. This section will consider the effect upon the checks of each
elementary error and some more complicated errors that may occur. This is not the real
problem of the CQCHT, which is the reverse: given a pattern of inérements and
residuals, to find the error(s). But the illustrations that follow will make it clear that each
error cause has its characteristic pattern of increments-and residuals, thus making the
reverse also approximately true, at least for more simple cases. The examples of actual
CQCHT operation, given in Section 8 will show how well this gdal may be achieved in

practice.

All elementary errors may be divided into three broad classes: communication
errors, computation errors, and observation errors. A communication error is a "human”
error--error of transcription of data, typing of data, etc. A computation error may be due
to an addition error, wrong procedure, etc. It is made during the workup of a sounding
and affects all height values above the level of the error. A communication error, on the
other hand, only affects a single value, either height or temperature. The final class,
observation errors, includes nat only errors. made by the observing instrument itself, but
those happening at any stage preceding the computation of mandatory level heights at a
station. This type of erroris uniqde in that it shows no reaction from the hydrostatic
check. |

The following sub-sections will show the reaction of the various checks to these

specific error types: communication, computation and observation.
* 4.1 Reaction of Checks to Communication Errors

There are several types of errors that can occur duvring communication of the
data. They usually show as a bad digit, interchange of digits, wrong sign (for '

temperature) or a code rule violation. The specific types are listed in Table 4.1.

Each error type is characterized by the various checks' reaction to the errors,

either positive or negative. The following tables will show these reactions.
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Table 4.1 Communication Errors

Type Description
1 Single height, interior level
2 Single temperature, interior level
3 Helght and temperature at same level, interior level

Errors at Bottom Level
4=1" | Height at bottom level
"4=2" | Temperature at bottom level ‘
4=3 Height and temperature at bottom level
_ Errors at Top Level
"5=1" | Height at top level
"5=2" | Temperature at top level
"5=3" | Height and temperature at top level
’ Errors Diagnosed by Baseline Check
100 Surface pressure
101 Height at bottom level when temperature is
missing at this level
Errors at Adjacent Lavels
7 Height at two adjacent interior levels
8 Teéemperature at two adjacent interior levels
9 Height at lower and temperature at upper of two
adjacent interior levels
10 Temperature at lower and height at upper of two .
adjacent interior levels

4.1.1 Type 1 Error--Communication Error in Single Height

Table 4.2 shows the feactioris of the checks due to a height communication error
at an interior level, e.g. not bottom or top level. The columns in the table are Iabeled lev
for level, inc z for the increment of z, inc T for the increment of T, hyres for the- ,
hydrostatic reSIdual, vert z for the vertical residual of z, vert T for the vertical residual of
T, hor z for the horizontal reéidual of z, hor T for the horizontal residual of T, baseline
resid for the baseline residual, hor p,_, for the horizontal residual of the reduced mean-
sea-level pressure, and inc P for the increment of reduced mean-sea-level pressure.
Four levels of data will ordinarily be shown in these tables, since four levels are treated

as a unit by the Decision Making Algorithm.

The hydrostatic residuals show equal and opposite values, equal in absolute
-value to the height error, d. The vertical and horizontal checks also react with valuas at
the level (for vertical check) and position: (for horizontal check) equal to the error. The

-vertical check shows some reaction, indicated by +, at adjacent levels, and the horizontal
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Table 4.2 Type 1 Error--Communication Error in Single Height

Error | lev |inc zlinc T| hyres |vert|vert thor zlhor T|baseline| hor inc
Description” z | T Pmsl Pmsl
k-2 O 0 0 0 000 000 0 0 0
error in 0
height at k-1 0 0 + 0 000 000 .
intermediate d '
level k k d 0 d 0 +d+ 000
communication -d '
k+1 0 0 + 0 000 000

~ check shows some reaction, indicated by +d+, at horizontally adjacent observation
points (stations) The baseline and p, checks do not react to this error, the absence of

reaction being indicated by 0.
4.1.2 Type 2 Error-Communication Error in Sihg!e Temperature

The reaction of various checks to a single temper‘ature error is similar to their
reaction to a single height error. However, the hydrostatic residuals have the same sign.
And the temperature, rather than Height increment and residuals are non-zero. Table
4.3 shows the reactions. Again, it should be emphasized that a lack of reaction of one
of the checks is as important to diagnosing an error as the positive reaction to an error.

It is the magnitude of the residuals that allows the value of the error to be determined.

 Table 4.3 Type 2 Error--Communication Error in Single Temperature

Error lev |inc z|inc T| hyres |vert|vert |hor zhor T|baseline| - hor inc
Description : z T Pmsi | Pmel
k2 0. 0 .0 0 000 000 0 0 0
error in ' 0 '
heightat k-1 0 0 0 + 000 000
intermediate _ B d v
level k k .. 0 d- 0 d 000 +d+
communication -By yrd :
: k+1 0 0 0 + 000 000

4.1.3 Type 3 Error--Communication Errors in Both Height and

Temperature at the Same Level

This type of error illustrates that the—‘effect of errors on the residuals is additive.

If the increments and residuals are exactly zero in the absence of this type of error, as is
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assumed for these examples, then it is easy to diagnose a Type. 3 error. If, on the other
hand, the temperature profile is not linear between mandatory levels or if maoisture is
i-mportant, then these relatively small influences can affect the hydrostatic residuals
enough so that the existence of a Type 3 error cannot be determined deﬂnitely without
the use of the other checks. The following table shows the reaction of all the checks.

* They are merely the sum of the reactions of a Type 1 error, accompanied by a Type 2.

error.

Table 4.4 Type 3 Errors--Communication Errors to Both Height and Temperature
at the Same Level

" [Error Description| lev linc zlinc T| hyres |vert|vert jhor zhor T|baseline| hor inc
< : z T : Pmsl | Pmst
k-1 0 0 + + 000 000 0 0 0
errars in 1 d, By dr ) v
heightand | k d, d; d, d; +d,q+ +d+
temperature -d,-B,  ndr - :
at z, |k#1 0 O + ~+ 000 000
communication o :
k+2 O 0 0 0 000 000

4.2 Errors at the Bottom Level (Type 4)

4.2.1 Type "4=1" Error--Communication Error in Height at the Bottom

Level

Errors at the top and bottom levels will show reaction to only one hydrostatic .
residual. Therefore, other residuals, and the increments are essential for error type
determination and correction. For an error in height at the bottom, there will be a
reaction by the baseline residual, since it measures the agreement between the station
elevation and the two lowest reported mandatory level heights. The reactions of various

checks are shown in Table 4.5.
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Table 4.5 Type-"4=1 " Error--Communication Error in Lowest Level Height

Error lev incz'fncT hyres |vert|vert lhor zhor T{baseline| hor inc
Description z T inz, | Pmst | Pmsl
1 d 0 d 0 - +d+ 000 d 0 0
error in z, ' -d
communication| 2 0 0 + 0 000 000
O - .
3 0 0 0 0 000 000
0
4 0 0 ’ 0 0 000 000

4.2.2 Type "4=2" Error-Communication Error in Temperature at Bottom

Level

A communication error in temperature at the bottom level leads to a hydrostatic

residual of the lowest layer, along with increment of temperature, vertical check

residual, and horizontal residual with values equal to the error. The baseline residual

does not responds to the error. Other residuals and the height increment show no

response. Table 4.6 shows this pattern.

Table 4.6 Type "4=2" Error-Communication Error in Lowest Level Temperature

Error lev linc z{inc T| hyres |vert|vert |hor zlhor T|baseling| hor inc
Description z T - " Pmsl | Pmel
1 0 d 0 d 000 +d+ + - 0 0
error in T, -B, ,d ’
communicationj 2 0 0 0 + 000 000
| o
3 0 0 0 0 000 000
0
4 0 0 0 000 000

4.2.3 Type "4=3" Error-Communication Error in Lowest Level Height and

Temperature

All the increments and residuals show the combined effect of the two errors at

the lowest level. And their effect on the increments and residuals is linear. The pattern

is shown in Table 4.7.
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Table 4.7 Type "4=3" Error-Communication Error in Lowest Level Height and

Temperature
Error lev |inc z|inc T| hyres {vert|vert lhor zjhor T|baseline| hor inc
Description z T : inz Pmsl | Pmsl
1 d, dy d, d; +d,++di+ d, 0 0
errors in z; d8, ,dy :
and T, 2 0 0 + + 000 000
communication 0 ‘
3 0 0 0 0 000 000
, 0
0 0 0 0 000 000

4.3 Errors at the Top Level

4.3.1Type "5=1" Error-Communication Error in Height of the Top Level

An error in the height of the top level leads to a hydrostatic residual for the top

layer, height increment, vertical residual, and horizontal residual equal to the error. All

other residuals are zero except the adjoining level for the vertical check and the

neighboring points for the horizontal check. The pattern of values is shown in Table

4.8,
Table 4.8 Type "5=1 " Error--Communication Error in Height of Top Level
Error Iev‘ .inc zlinc T| hyres |vert|vert lhor zlhor T|baseline| hor inc
Description o] z | T | : Pmsl | Pmsl
“In3 0 0 0 0. 000 000 0 0 0
errorinz, | .- 0 . ’
communication| n-2 0 0 .0 0 000 000
0
n-l 0 0 + 0 000 000
n d 0 d 0 +d+ 000
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4.3.2 Type "5=2" Error-Communication Error’in Temperature of Top

Level

' The increment and residual pattern for an error in temperature of the tdp level is
similar to that for height, except the temperature checks respond instead of the height

checks. Table 4.9 shows the pattern.

Table 4.9 Type "5=2" Error--Communication Error in Temperature of Top Level

Error lev |inc zjinc T} hyres |vert|vert lhor zjhor T|baseline| hor inc
Description 1 2 T Pmsl | Pmsl
. 0 0 0 0 000 Q00 O 0 0
errorinT, » 0 '
communication| n-2 0 0-. 0 0 000 000
O N
nl1 0 0 -0 + 000 000
-Bn—.l.nd
n 0 d - 0 d 000 +d+

4.3.3 Type "5=3" Error-Communication Error in Both Height'and

Temperature of the Top Level

An error in both height and temperature at the top level, leads to a single large,
in general, hydrostatic residual for the top layer.. its value shows contributions from
both the height and the temperature errors. There is even possible a complete
compensation from each error in the hydrostatic residual. The increments, horizontal
residuals, and vertical residuals will show the individual influence of the errors. Table

t
4.10 shows the pattern of increments and residuals.

Table 4.10 Type "5=3" Error-Communication Error in Height and Temperaturé of Top

Level
Error lev |inc z|inc T| hyres |vert|vert thor zjhor T{baseline| hor | inc
Description z T Pmsl Pmsl
0 o 0 0 000 000 0 0 0
error in z, 0
and T, n2 0 0 "0 0 000 000 .
communication 0 ' '
n-l 0 O + + 000 000
dz_Bn-LndT .
n d, d = - -d, d¢ +d+ +d+
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4.4 Frrors Detectable with the Aid of the Baseline Check

4.4.1 Type 100 Error--Communication Error in Surface Pressure

A communication error in surface pressure has no effect on the mandatory level
‘temperatures or heights. However, the baseline residual in terms of p,, the horizontal
residual of p, and the increment of p will have the same value, equal to the error.

Table 4.11 shows this pattern of increment and residuals.

Table 4.11 Type 100 Error--Surface Pressure Communication Error

Error lev |inc zjinc T| hyres |vert|vert lhor zhor T|baseline| hor inc
Description : ' * z | T inp, Pmsl | Pmsl
1 0 0 0 0 000 0060 p p p
.efror in o ‘
~ surface 2 0 0 0 0 000 000
pressure 0 ) .
communication| 3 0 0 0 0 000 000
. . o
0 0 0 0 000 000

An error in NMC's dictionary value of a station elevation leads to a persiétent A
error of Type 100. The baseline residual in z, gives the error in the dictionary value;
several values have been corrected as a result of their identification by CQCHT (and
earlier by CHQQ). 7 | ' |

4.4.2 Type 101 Error-Communication Error in Lowest Height (with

lowest level temperature missing)

Not infrequently, the lowest level temperature is missing and the lowest level
height has a communication error. The increment, vertical residual and horizontal
residual of height will reflect the error. This is confirmed by the baseline residual in

terms of z,. All other increments and residuals are small. This is shown in Table 4.12.
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Table 4.12 Type 101 Error--Communication Error in_Low’est' Height
(with lowest level temperature missing)

Error lev [inc z|inc T| hyres |vert|vert lhor zjhor Tjbaseline| hor inc .
Description z | T ' in z, Pmsl | Pmsl
1 d - ' d - +d+ 0-0 d - 0 0
errorin z; - o
communication] 2 0 0 + 0 000 000
with T, : 0 -
missing 3 0 0 0 0 000 000
0
0 0 ' 0 0 000 000

4.5 Errors at Adjacent Levels

'4.5.1 Type 7 Error-Communication Error of Height at Adjacent Interior

Levels

The effect of communication errars of heights at adjacent levels is just the sum
of the effects of the individual errors. This is seen clearly in Table 4.13 in the |
increments, horizontal residuals, and hydrostatit residuals. The vertical residuayls at -
levels k and k+1 are influenced by both the errors, and those at the adjacent levéls, k-1
and k%—2, are each influenced by a single height error. This illustrates why the vertical
residual values cannot be used to determine the error magnitude when more than one

error is present in the same variable for adjacent levels.

Table 4.13 Type 7 Error-Communication Error of Height-at Adjacent Interior Levels

Error lev |inc zlinc T| hyres |vert|vert| hor z |hor T|baseline| hor inc
Description ) . Z T Pmel | Pmsl
_ k-t 0 0 +. 0 . 000 000 0 0 0
errors to s ' d, :
heights at k d, 0 + 0 +d+ 000
levels k, k+1 . “dg-dg
k+1 dp,, © + 0 +d,+ 000
'dk+] ) -
kt2 O 0 » + 0 000 000
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4.5.2 Error Type 8--Communication Errors at Temperature at Two

Adjacent Interior Levels

For errors at adjacent levels, as indeed for all errors, the influence of the errors
upon the increments and residuals is the sum of the influences of the individual errors.

The pattern of influences for two adjacent temperature errors is shown in Table 4.14.

Table 4.14 Error Type 8--Communication Errars to Temperature at Two Adjacent Interior

) Levels '
Error lev |inc z{inc T] hyres |vert|vert [hor 2] hor T [baseline] hor inc
Description . z | T Pmsl | Pmsl
' k-1 0 0 0 + 000 000 0 0 0
K
errors to -BX,d,
temperatureat{ k 0 d, 0 + 000 +d.+
levels k, k+1 -Bk:](dk'{'dkﬂ')'
k+1 0 d,, 0+ 000 +d,,+
k : :
'Bkﬁdkﬂ » .
kt2 0 0 0 + 000 000

4.5.3 Error TypeQ--Communication Error in Height at Lower and
.Tem perétu re at Upper of Two Adjacent Interior Levels ‘
-The increments, horizontal residuals, and vertical residuals react to the errors as
if there were a single error in each variable. The values are equal the error in the
corresponding variable, and the hydrostatic residuai has a value equal to the sum of the
individual effects of the errors. The increment and residual pattern follows in Table
4.15.

Table 4.15 Error Type 9--Communication Error in Height at Lower
and Temperature at Upper of Two Adjacent Interior Lavels

Error lev linc z]inc T| ‘hyres |vert|vert |hor zhor T]baseline] hor inc
Description -z | T ' Pmsl|_{ Pmsl
k10 0 + 0 000 000 0 0 0
error in z, d, -
and Ty, k d, 0 d, + +d,+ 000
. . k
communication - dBd; |
‘ k+1 0 d, + dp 000 +d+
‘ 'B:::lsz : :
kt2 O 0 v 0 + 000 000




4.5.4 Error Type 10--Communication Error in Temperature at Lower and

Height at Upper of Two Adjacent Interior Levels

“The same comments apply as for Type 9 errors. See Table 4.16.

Table 4.16 Error Type 10--Communication Error in Temperature at Lower
and Height at Upper of Two Adjacent Interior Levels

Error lev |inc zjinc T hyfes vert | vert thor zihor T|baseline| hor inc
Description |- z | T Pmsl_[ Pmsl
k1 0 0 0 + 000 000 O 0 0
error in T, -Bk'f‘ dy
and z,,, k 0 d + dy 000 +dp+ -
communication d,B'd; -
k+#1 d, © S d, + +dg+ 000
, q,
k+2 O 0 + 0 000 000

4.6 Reaction of Checks to Computation Errors

A compUtation error is an error introduced into a height or heights as a result of
imprbper accumulation of thickness(es), computed from the observed temperatures (and
moisture). As such, this error type shows itself in the hydrostatic residual, as well as in
the increments and horizontal residuals of height. In its simplest form, a single,
intermediate level thivckness is incorrect, and all the heights above also show the error.
A simple computation error is illustrated below. Following are more complicated

situations.

4.6.1 Type 6 Error--Single Computation Error at an Intermediate Level

The Type 6 error shows itself by the isolated large hydrostatic residual, d, at a
level, k. It results in all mandatory level heights at levels greater than k in errar by the
same amount, d. The horizontal residuals show a similar pattern. 'And the vertical
residuals are close to d/2 in absolute .value, and only two are large, at levels k-1 and k.

All other increments and residuals are small. The CHQC was only able to detect the
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likelihood of this error. The addition of the other checks allows its confirmation and

correction. The pattern is shown in Table 4.17.

Table 4.17 Type 6 Error--Single Computation Error

Error lev linc zfinc T| hyres |vert [vert Jhor zjhor T{baseline hor | inc’
Description z | T : Pmsl | Pmel
k-1 0 0 =d/2 0 000 000 O 0 0
thickness d -
computation | k d 0 =d/2 0 +d+ 000
error 0
k+1 d 0 _ 0 0 +d+ 000
0. :
d 0 0 0 +d+ 000

4.6.2 Type 116 Error-Computation Error of the Lowest Mandatory Level
Height '

An error in the computation of the lowest mandatory level height leads to errors
in all heights, resulting in large heigh}tA increments and horizontal residuals at all levels,
and with values equal to the error. This baseline residual in terms of z, also shows the
same value. All other increments and residuals are small. In particular, thel hydrostatic

residuals is small. Table 4.18 shows this pattern.

Table 4.18 Type 1 16 Error--Error in the Lowest Mandatory Level Height

Error lev finc zlinc T| hyres |vert|vert Jhor zhor T baseline] hor inc
Description z T inz, Pmsl | Pmel
1 d 0 0 0 +d+ 000 d 0 0
error in 0
computing 2 d 0 0 0 +d+ 000
z, , : 0
3 d 0 0 0 +d+ 000
0 .
d 0 0 0 +d+ 000




4.7 Reaction of Checks to Observation Errors

-By an observation error is meant an error introduced into the observation of
temperature before it is processed to produce thicknesses and heights or an error
introduced into the observation of surface pressure before it is used in any way in
wdrking up a profile. Such an error can be an instrument error, a communication error
from rawinsonde to ground, or another error wvhich makes the mandatory level
temperature or surface pressure used in computations inappropriate. This error can,

‘therefore, not produce ar‘lAeffect on the hydrostatic residual, and this is one main means

for its detection.
4.7.1 Temperature Observation Errors

Observation errors of temperature may occur in iéolation, but that is rather
uncommon.. Most usually, the erroris a true instrument, calibration, or pracessing error
which begins at one level and continues with similar or growing magnitude above. The
effect upon heights is a growing error in the vertical, above the level of the first error.
Table 4.19 illustrates the increments and residuals for an isolated observation error and

Table 4.20 illustrates them for the more usual continuing errors.

Table 4.19 Isolated Observation Error

Error lev |inc zlinc T| hyres |vert[vert hor zjhor T|baseline| har inc
Description ' z | T Pmsl | Pmsl
_ k-1 0 0 -t + 000 000 0 0 0
isolated ' o
error k + d _ + d  +++ +d+
observation 0
k+1 ~ + 0 + + +++ 000
k+2 + 0o 0 0 +++ 000
Table 4.20 Observation Errors Beginning at One Level and Continuing Above
Error lev linc z{inc T| hyres |vert]|vert [hor 2] hor T baseline| hor | inc
Description . z | T » ' Pmsl | Pmst
1kl 0 0 * + 000 000 0 0 0
observation | 0 _
©errors k+ 4, + 4+t +d+
beginning 0 :
atlevelk |k+1 + d,,, Tt
0 .
k+2 + d,,, + + At dy o+
0
+ d.. Ut +  +++ +d..+




4.7.2 Type 106 Error-Observation Error in Surface Pressure

An observation error in surface pressure causes not only the increment of p

. and horizontal residual of p, to be large, but all mandatory level heights are in error by
a value (in meters) of about 8 times the pressure error (in HPa). This is confirmed by the
horizontal check. At the same time, there is no reaction by the hydrostatic check or by
the baseline check, since the mandatory level heights and temperatures are all

hydrostatically consistént. Table 4.21 shows the pattern of increments and residuals.

Table 4.21 Type 106 Error--Observation Error in Surface Pressure

Error lev linc zlinc T| hyres |vert|vert lhor zhor T{baseline] hor inc .
Description : z | T ' “Pmsl | Pmsl
1 8p O 0 0 +8p+ 000 0 p p
error in 0 ,
surface 2 8 0. 0 0 +8p+ 000
pressure , o
ohservation 3 8 0 , 0 0 +8p+ 000
. O N
4 8p O 0 0 +8p+ 000

4.8 Error in Station Location

One possible type of error that does not fall into the classes already discussed is
an error in station horizontal location. This should be rare. It appears that it could onlyA
happen-if one station used another station's identification, if a ship reports an incorrect
focation, or if NMC's dictibnary had a bad horizontal location. In this case, assuming no
errors in the report itself, the report would be hydrostatically consistent, but likely not
fit the guess. A bad fit of increments and residuals is assumed in Table 4.22. (Compare
with subsection 4.7.1, the table Observation Errors Beginning at One Level and A

Continuing Above.)

Table 4.22 Error in Station Location

Error fev linc zlinc T{ hyres |vert |vert jhor zlhor T|baseline| -hor inc
Description z | T Pms!l | Pmsi
k-1 + + 0 0 +++ +++ 0 + + -
error in 0
station location| k + + 0 0  +++ +++
- 0 .
k+1  + + 0 0  +++ +++ -
0
+  + 0 0  +++ +++




There are no special provision in the CQCHT for this error, and so it is treated as
a profile with observation errors. Those that differ significantly from the first guess are

marked as bad ;



5.0 Existence and Magnitude Conditions

The previous section showed the response of various checké to specific known
errors. The problem facing CQCHT is actually the opposite: given various check
increments and residuals, what are the likely errors, if any." Office Note 363 (Collins and
Gandin, 1989) gave the detaijled derivation 6f criteria for the various errors for which a
confident correction could be made exclusively with the hydrostatic check. The criteria
are of two kinds: existence conditions and magnifude conditions. The existence
conditions are used to xdentlfy the kind of" error that may exist, while the magmtude

" condition is used to determme that a correctlon will be of sufficient size.

The CQCHT continues to use the same method for determining hydrostatically
detected error types as used by CHQC. This is possible, and appropriate, since almost
all correctable errors may be found, using only the hydrostatic residuals--the exceptions
are baseline errors that can be diagnosed only with the use of additional checks. At the
same time, the treatment of hydrostatically suspected errors by the CQCHT DMA is
essentially dtfferent from their treatment by the CHQC DMA. As soon as the CHQC DMA
discovered a confidently correctable error {(or a pair of such errors at nelghbonng levels),
it immediately performed the correctian(s). Therefore, coming to the next level, even
within the same template of four levels, the CHQC DMA used already corrected value at
the previous level. This is not the case with the CQCHT DMA: it first applies all
statistical checks to hydrostatically suspected values at both internal levels of the
template. It may happen therefore with the CQCHT, that it suspects an error at some
level just because it uses an already suspected but not yet corrected value at the

previous level.
5.1 Limiting Hydrostatic Residuals for Suspicion of Error

It is necessary first to determine whether an error is p.resehi:. Statistics were
collected for the maghnitude of the hydrbstatic residuals when no error is present. Itis
assumed, and examination of the statistics approximately confirms, that the hydrostatic
residuals are normally distributed. It is also assumed that the hydrostatic residuals that
result from height and temperature errors will not be normally distributed, but rather be
more randomly distributed. Under these conditions, an error is extremely likely, to
either height or temperature, or both, when the absolute value of the hydrostat|c

residual exceeds a value that is « standard deviations of the value with no error, where
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a is about 2 or larger. The CHQC and CQCHT are both very conservative, using a = 7.0.
Table 5.1 shows the limiting value of the hydrostatic residuals for an error to be

suspected.

Table 5.1 Limiting Value of Hydrostatic Residuaf for Hydrostatic Suspicions

Pressure (HPa) limiting value
: (m)
1000-850 40
- 850-700 35
700-500 50
500-400 35
400-300 40
300-250 35
250-200 40
200-150 50 .
. 150-100 85
100-70 70
70-50 ' 70
50-30 80
30-20 70
20-10 100

5.2 Existence Conditions for Hydrostatic Errors

When it has been determined that an error is likely, then it is possible to
determine the origin of the error (its type). The existence and magnitude conditions-
were given in Office Note 363 and are repeated in Table 5.2 f@r convenience. These
criteria only cover types 1, 2, 7, 8,9 and 10 since these are the only types for which
CHQC could make confident corrections. A more thorough discussion of determination _

of the hydrostatic error algorithm may be found in Appendix A.
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Table 5.2 Existence Conditions

Error Type Existence Condition
1 - single height error V2
at level k+1 2)

- 2
|skker + Skareea] <2 T -(Bk,k-H + Briike2

2 - single temperature
error at level k+1

[Xeker = Xiesrgea| < 28

7 - two height errors
at levels k, k+1

172
2 2 2
_lsk—l,k + Siejent + Stz < (Bk—l,k + B pnt” + Braksz )

8 - two temperature
errors at levels k,
k+1

‘Xk—'l,k - Xk,k+] + Xk+],k+2| < 2‘J§ t_'a”

9 - lower height, upper

temperature errors By R =
at levels k, k+1 Sk-tk T Sga1 — etk Skarks2] < Z(Bk—l,k + 2By v )tall
: +1k+ .
10 - lower
temperature, upper _ By ia : , 2\ o
height errors at Skk+l T Skatke2 — ) =Skl < 2(5k+1,k+z + 2By ka1 )tall
levels k, k+1 k-1k '

5.3 Magnitude Conditions for Hydrostatic Errors

"The magnitude conditions have been unified in terms of an allowable

temperature error, t,,. Office Note 363 derives the relationships, shown in Table. In
this tablé,’ 8z is the height error and 8T is the temperature error. The value of the z*'s

depend only on t,;, and the pressures of the mandatory levels. Experiments have shown

that t,, may be taken as a constant with pressure, with a value of 3.5K, giving the

values of T* and z* shown in Table 5.4.
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Table 5.3 Magnitude Conditions (Relationships)

Error Type

Magnitude Condition

1 - single height
error at level k+1

2)‘/2 .

- 2 _
162141] > 2 tau(Bk,m_ + Brke2 = Zpy

2 - single
temperature
error at level k+1

I‘STkHI >2 fall = TI:H

7 - two height errors
at levels k, k+1

* ¢ *
Isk-—l,k|> Zy and |5k+1,k+2|> Zk4y

8 - two temperature
errors at levels k,
k+1

|Xy1x| > Téey and le+3,}<+2| > T

9 - lower height,
upper
temperature
errors at levels k,
k+1

* . *
lSk—I,ki >z and lxk+l,k+2I > T

10 - lower
temperature,
upper height
errors at levels k,
k+1

* *
]Xk-l,k| > Tgq and |5k+1,k+2| > Ziy

Table 5.4 Magnitude'Conditions (Values)

Pressure {HPa) T, (deg K) | z; (meter)
1000 7 35
850 7 ' 26
700 7 40
500 7 41
400 7 37

- 300 7 35
250 7 30
200 7 37
150 7 51
100 7 55
.70 7 60
50 7 63
30 7 67
20 7 82
10 7 99
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‘5.4 Limiting Hydrostatic Residuals for Suspicion of Errors of Other Types

There are other criteria determining whether error suspicions are given at the
bottam (Type 4), at the top (Type 5), at a single level (Type 3), or in thickness (Type 6).
These criteria were also discussed in Office Note 363. Table 5.5 shows the admissible
residual values for layers used in these type determinations, where in general an
admissible residual is the largest residual that leads to no error suspicion. Mare specific

use of these values will be given in the Section 6 on the DMA.

Table 5.5 Admissible Residuals Used for Types 3, 4, 5 and 6.

Pressure Range adm!ssible

(HPa) residual

: {meter)
1000-850 - 40
850-700 35
700-500 - 50
500-400 . 35
400-300 , 40
300-250 35
250-200 40
200-150 50
150-100 85
100-70 : 70
70-50 70
50-30 80
30-20 70
20-10 100

5.5 Proposed Hydrostatic Corrections

Once a ‘hydrostatic error type is determined, then a correction is also proposed _
for each type. These proposed corrections are rounded, appropriately to the level. Then
a correction near the proposed value is sought that would result in the original error
being a simple one: sign error (for temperature), single digit error or exchange of digits

error. The following table shows the proposed corrections before these modifications.
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" Table 5.6 Proposed Correction for Each Error Type

Error Type

Proposed Correction

1 - single height
correction at level
k+1

: ' s
ZCORk_H — kfl,k+22
Bre2

_ Skga {0
2
By k1

v+ - ! + !
Bk,k—i--l2 Bk+l,k+22

2 - single
temperature
correction at level,
k+1 '

TCORy,y = 0.5 (X Kkt T X kalke2 )

3 - correction to both
height and
temperature at
the same level,
k+1

ZCOR.r = B k41Sk+1k+2 — BrargsaSk ke
Rk+_1 - 8 B
, kk+1 T Priiks2

' TCORy,; = Sk kel T Skriks2
AsSg ]
By ka1 + Braikaz

4 - correction at the

lowest level,1 ZCORy = 5
-~ TCOR = X,
S - correction at the ’
top level, N ZCORy = -5y
TCOR, = Xy

6 - thickness

ZCOR, = =S4, 1= k+1to NLEV

correction

7 - two height X 1 X 1
corrections at ZCORyy =~ 5K -~ Bk'k+] >
levels k, k+1 , Byk Bickn Kkl Bk

+Xk+1,k+2 1 + 1

Bivksz \ Biax  Blge

(o, 1,1
BI%.k-H VB£+I,k_+2 Bl?.kﬂ B!%,k+IBI%+1,k+2 .

2COR = -2kt 1]
Bk \ Biksr  Bisiks2
+Xk;k+l 1 Xiwigez 1
Bk.k+l B/3+\,k+2 8k+1,k+2 Blikq-'l

GRS S I
1 Bier  Biagea ) Bikn BBk
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Table 5.6., cont,

Error Type

Proposed Correction

8 - two temperature
corrections at
levels k, k+1

TCOR, = (ZXk—l.k + Xk,k+|_‘ Xislhs2 ) /3
TCOR 1 = (2Xppsz + Xkt = Xeri )/3

9 - lower height,
upper temperature
corrections at
levels k, k+1

7COR, = Xk,k+1’_2 Xi-1k _ Xer1hs2
“ | Brinr  Beok

2 v
BIE—],k Bi,kﬂ

Xisst X1
TCORk 15 - + -
* {BH i BraBikn

1 ]
+ X1k 2(—“;““' :
T BR Lk Bk
2 . 1
: BIE,k—l : Bz,kﬂ

Bk,k+l

- 10 - lower
temperature,
upper height
corrections at
levels k, k+1

1 1
TCORk = Xk—],k [—2—" + ——E—'—]
Bk,k+1 Bk+l,k+2

X X
+ k.k+1 : + k+1k+2
Bk+1,k+2

B keiBrsrsz

N L
) BI%,kH BI%«H,k-&—Z.

' X X - X
ZCORk+] { klk + 2 klki2 - k'kH}
B B B
kk+1 k+1,k+2 k k+1

Bl%,k+l B£+1‘k+2
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6.0 The Decision Making Algorithm

The two major components of the CQCHT are the individual checks and the
Decision Making Algorithm (DMA). Of the two, the DMA is the most complex. It must
~ coordinate the hydrostatic error type determination with the result of other checks,
including the baseline checks. And it must also make tentative corrections and check
them for acceptability. bF_urther, it must set data quality marks for corrected and non-
correctable errors, including obsérvational errors. This section will outline the
procedures followed leaving further detailed criteria for decmons and use of hmlts for

each error type correctlon to Appendix B.

As is explained in subsection 6.1, a template of values, which moves upward
during the error determination and correction, is used by the DMA. At each position in
the vertical for the template, all error determination and correction is performed for the
appropriate error types for the interior levels k and k+1. Each station profile is
considered in turn and the complete process is performed two times (scans). The DMA
considers cansecutively the various possible error types. For each error determination
or suspicion, it writes information about the datum to an interim "events file". Thls
information includes old and new values, increments, residuals, etc. Information from
this file is later extracted by CQCHT to make the actual changes to the input data file
(ADPUPA).

6.1 Filling Template with Values

- Just as the CHQC (and the part of CQCHT that determines the hydrostatic type)
used a template of four adjacent levels, containing both heights and temperatures, that
shifts upward during the type determinations, so does the DMA use such a template. -
This allows all error determmatron and correction to be done on a small set.of
mformatlon It also means that all determinations are fairly local, using only information
from at most four levels in the vertical, i.e. three layers of hydrostatic residuals. From
the results of use of CQCHT, this seems to be adequate. Figure 6.1 lllustrates values in
such a temp!ate The values of the variables, and their increments and honzontal and
vertical residuals are at the same locations. The hydrostatjc residuals, s, are layer
values. As before, k-1, k, k+1, and k+2 refer to consecutive mandatory levels in the
vertical at which both heights and températures are available. And the residuals Spt ko

Sk @nd Sy, > are computed for the corresponding layers.
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increments/  increments/

residuals ' residuals

z

k+2 ka+2
z Sk+1,k+2

k+1 < Tk+1
z Kk+1 )

K - T,
2 k-1,k

k‘] Tk_-l

Figure 6.1 DMA Template |

Befare filling the template with values, it is necessary for the DMA to determine
which four levels of data are to be inserted into the template. They include the level in
question, the level below and the next two levels above for which both height and
temperature are available. Once these levels are determined, the following quantities
are filled into the template:

. observed increments for height and temperature
. horizontal residuals for height and temperature
. vertical residuals for height and temperature

. hydrostatic residuals, values of B

1

2

3

4

5. surface pressure )
6. obsérved heights and temperatures.

7. proposed corrections for heights, temperatures, and surface pressuré
8. hydrostatic error types ‘ | |
9

. baseline residual

As explained in sections 3.2 and 3.4, the increment deviation and horizontal
residual deviation are often of more value for error determination and correction than
the values themselves. The DMA computes the height increment deviation, DOZk,, and

the horizontal residual deviation of height, DHZ,, for level k.
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6.2 Baseline Error Determination

Four different baseline corrections may be made. The information is taken from
all the relevant increments and residuals, indudi_ng the quantities described in section
3.5. The correctable errors are: Type 100--surface pressure coammunication erfor, Type
101--communication error fn the lowest level height with temperature missing, Type
106--surface pressure measurement error, and Type 116--computation error in the
height of the lowest mandatory level. Type 102 is used for undetermined baseline
' errors: these errors are given to MOD for manual examination and possible correction.

The details of determination of baseline error types may be found in Appendix A.
6.2.1 Type 100 error-Communication error in surface pressure

A communication error in surface pressure is determined from the baseline check
residual, surface pressure increment, and surface pressure horizontal residuals all being
large and close to each other. Actually, there are two possible causes for this diagnosis:
a communication error in surface pressure or error in surface elevation in NMC's station
dictionary. If the error persists from one observation time to another, and with the same
or néarly the same value, then the surface elevation is wrong. Otherwise, the error is a

surface pressure communication error. The correction is given by p.© (see section ).

6.2.2 Type 101 error-Communication error in the height of the lowest

mandatory level

This error is diagnosed only if the lowest mandatory level temperature is
missing. For, if it were present, a Type 4 error could be diagnosed and any necessary
correction(s) made. A Type 101 error is diagnosed when the height increment of this
ldwest level and its hori,zontal-residua‘l are large and close to each other and to the
height error estimated from the.baseline check. The correction, z;<, is given in section
3.5,

6.2.3 Type 106 error--Surface pressure measurement error

A surface pressure measurement error is diagnosed when there are large
increments and horizontal residuals of surface pressure accompanied by persistent (with
elevation) large errors in height of mandatory levels equal to about 8 times, and of the

same sign as, the surface pressure increments. The baseline residual is small. The
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surface pressure correction, p.f, is the average of the surface pressure increment and

residual. All mandatory heights are corrected by zb given by the following equation.

" R p.+ps
zt=_T+T)'n_S_~__i.
k g(k 0 [ o J

: <
where p, is the uncorrected surface pressure.

6.2.4 Type 116 error-computation error in the height of the lowest
mandatory level

A cdmputation error in the height of the lowest mandatory level is diagnosed
from a large baseline error accompanied by persistent (with elevation) errors in heights.
These height errors are close to the baseljne residual. The s_urfacé pressure increments
and horizontal residuals are small. A corréction is made to all mandatory level heights

~ equal to the baseline residual.
6.2.5 Type 102 error--Undetermined baseline error

It sometimes happens that there is a large baseline residual, but other
increments or residuals do not agree with any of the correctable error typés. in this
case, a Type 102 is assigned. Specifically, it is assigned under the following conditions:

1. The baseline residual is Jarge, no hydrostatic type is diagnosed, and the

surface elevation is Ieés than 1000 m, or

2. Either the increment or horizontal residual of surface pres-sure is large or both

are, no hydrostatic type is diaghosed, and the surface elevation is less than 850

m.
6.3 Hydrostatically Detected Errors

For all the hydrostatically determined error types, it is necessary to-check the
proposed correction against the other check results. The procedure discussed in section

6.3.1 for a Type 1 diagnosis is similar to that followed for other error types.
6.3.1 Type 1 or 11 Error--Communication error in a single height

The routine that assigns a hydrostatic type (called CORECT) also provides a
suggested correction. A single height correction is assigned by CORECT only to an
intermediate level. However, a single height correction may be made by CQCHT also for

the lowest level, uppermost level, or at hole boundaries (see sections 6.3.7, 6.3.8 and
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6.3.9). For a lower hole boundary or the top level, the suggested correction is replaced
with -s;(,,'k, while for an upper hole boundary or the I-owest level, the suggested
correction is replaced with s ,,,. The suggested correction is then modified to be
"simple”. And the magnitude condition is checked. Then the smallness of the
increments and residuals, after the correction would made, are checked. If the
correction would lead to small enough values of the increment and residuals, the

corrected value is passed on for inclusion in the events file.

" If the correction is not good enough, then the value of thé height (not the.
proposed correction!) is either marked as definitely bad, marked as doubtful, or
marked as likely all right, and no correction is performed. The corresponding decision
numbers are shown in Table 2.4 . They apply to all error types. The exact conditions
for these markings, and other details of the Type 1 error correction may be found in

Appendix B.

6.3.2 Type 2 or 22 error-Communication error in mandatory level

temperature

As for a Type 2 error, the proposed correction will depend on where the error is
suspected. For an intermediate Iével, the value was given in the Table 5.6. For the top
level or the level just below a hole, the proposed correction is X, , ,. For the bottom
level or the level just above a hole, the proposed correction is X, ;. A sign error is
tested to see if it is close enough to the proposed correction and would lead to
acceptable {apse rates. if so, such a correction is passed on for further testing.
Otherwise, the proposed correction is modified to be "simple” when possible. The
magnitude of the increment and residuals after the correction is checkad against the
original values. The criterion for acceptance is given in Appendix B. The decision is

either to correct the datum or to mark it with good, questionable or bad quality.

6.3.3 Type 7 error-Communication error in two consecutive mandatory

level heights

The routine which assigns hydrostatic types, CORECT, can assign Type 7 -at any
levels, excluding the top and bottom. "The proposed corrections are used directly by the
DMA. It uses a general routine, called TSTCOR (for TeST CORrection) to test the
corrections. The details of the routine may be found in Appendix C. In outline, it

recomputes quantities as they would be if the correction were applied: increment,
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Hydrostatic residuals, hori_zbntal residual, vertical residual, and vertical difference pf
increment and horizontal residuals for height. It then assigns an integer, ‘ranging from O
to 2, to the result from each check. These are used in the decisions regarding the
proposed corrections. If there are enough checks available, and they agree that the
correction is good, then it is accepted. If both height corrections cannot be accepted,
then one or the other may be accepted. Otherwise, the appropriate quality mark is

assigned. Details of the criteria may be found in Appendix B.

6.3.4 Type 8, 9, and 10 errors--Communication errors in two consecutive
mandatory level temperatures, consecutive height-and temperature, or

consecutive temperature and height

The correction to these types follows the correction for Type 7. Each calls

TSTCOR for the appropriate variable(s) and makes its decisions based upon the results.

'6.3'.5 Type 3 error-Communication errors in height and temperature of the

same level

First, the suggested corrections are specified. If the level is the lowest or second
lowest level, and adjacent levels do not have errors, then the suggested corrections are .
taken from CORECT (see section 5.5). Otherwise, the suggested corrections are formed
from the average of the available increments and residuals at the error level. The
corrections aré made "simple” if possible. Then TSTCOR is-called and decisions are
made. If a) the height correction fits well enough and the height correction is large
enough, and bh) the temperature correction fits well enough and the temperature
correction is large enough, and c) the resultlng hydrostatic residuals are small enough
then both height and temperature correction are accepted. Otherwise, if either
correction alone is good enough, it is accepted. (These may be called Type "3=1"if the
height correction alone is accepted or Type "3=2" if the temperature correction is
” accepted_.) And if neither'cofrection is acceptable, then the original data are assumed to

have been all right (decision 2). Details of the criteria may be found in Appendix B.

6.3.6 Type 6 error-Computation error to the thickness, resulting in several

heighi errors of the same maghitude

The provisional correction for a'Type 6 error is the negative of the hydrostatic
residual (see section 5.5), but it is modified to be "simple”. This correction is aéceptable

if it makes the next two values in the vertical of height increments and horizontal
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residuals small. In principle it would be good to check the va.lues at all levels above, .but
the template available only contains the next two values, and tests show this to be
sufficient. The proposed correction is fuiﬁther tested by TSTCOR at the first level. If the
height increment, horizontal residual, vertical residual, and hydrostatic residual at this
first level are small enough, the proposed correction is accepted. Otherwise, a decision .
2 is assigned. See Appendix B for details of the conditions for acceptance of the

correction.

6.3.7 Type 4 error-Communication error at the lowest reported mandatory

level

An error, diagnosed as Type -4 by CORECT, may have one of several
‘communication-related causes: the lowest height or temperature or both may be bad.
And it may have a computation-related cause: the thickness may have been computed

-incorrectly. These four possibilities are sequentially tested, first .an error in both height
and temperature (Type "4=3"), then a height error (Type "4=1"), then a temperature error
(Type "4=2"), and finally a thickness error (‘Wpe"'4=6").

Testing for Type "4=3" The trial correction is formed as an average of the
available increments and residuals for height and‘temperature. For height, the vertical
differences of the increment and horizontal residual are used in preference to the values
themselves, if available. The averages are formed from the increment (or vertical
difference of the increment), the horizontal residual, and the vertical residual. This
average is modified, minimally, so that the hydrostatic residual, after correction,
becomes zero. The values of the trial correction, after modification to give zero

hydrostatic residual are given by:

ZCORS = ZCOR, +0.5 S50y

.
TCORS = TCOR, +0.5 [%’%J
. M K+
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where ZCOR, and TCOR, are the trial corrections formed from the averages of the

increments and residuals and s¢, . is the new hydrostatic residual, using the trial

~ solutions ZCOR, and TCOR,. (As stated above, the final hydrostatic residual, using
ZCOR<, and TCORS, is zero.) ‘ |

The Type "4=3" correction is further modified to be simple. If the magnitude of
both the height and temperature trial corrections is large enough, this correction pair is

~ tested by TSTCOR for acceptability of the resulting increments and residuals.

If a Type "4=3" correction is not acceptable, then a Type "4=1" correction is
attempted, using ZCORS,;, as the proposed correction. It uses the same method as for a

Type 1 correction (see subsection 6.3.1).

Next, if neither a Type "4=3" or Type "4=1" correction is .acceptablé, a Type "4=2"
correction is attempted, using TCORS, as the proposed correction, and following the

same met‘hodology as for a Type 2 correction (see subsection 6.3.2).

_ And finally, if no other correction is acceptable, a Type "4=6" correction is
attempted, using the negative of the hydrostatic residual as the proposed correction.

See section 6.3.6 for a description of the method.

6.3.8 Type 5 error-Communication error at the highest reported mandatovry

level

A communication error at the highest reported mandatory level may be a
communication error in'héight or temperature or both. A thickness computation error
cannot be distinguished from a communication error in height and so need not be
considered separately. The methad is neérly identical to that for Type 4 errors. See

section 6.3.6 for a discussion.
6.3.9 Communication errors at hole boundaries

At the lower boundary of a hole (Type 13 or 14), a Type 5 correction is 7
attempted, and at the upper boundary of a hole, a Type 4 cotrection is attempted. See
sections 6.3.7 and 6.3.8 for details.
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6.4 Observational Errors

Observational efrors, Type 0, are detected by the absence of hydrostatic errors in
the presence of large height or temperature increments, horizontal residuals, and
vertical residuals. These errors do not reflect a hydrostatic errar since the erroneous

temperatures were used to compute the (also erroneous) heights.

All inc‘re‘:ments and residuals are normalized for use in decisions with values of 0,
1, or 2, where values of 2 reflect large values. The criteria for observational errors use

these normalized values, called indicators See Appendix C for their definition. The
normalized values are referred to as IINC for invcrement, [HOI for horizontal residual, and
IVOI for vertical residual These criterid are open to modification based upon the wishes
of MOD, since these errors are presented to them for further examination. The criteria
for a height or temperature observational error at a level other than the bottom are:

1) at least 2 values of (IINC, tHOI, IVOl) non-zero at both k and k-1 or k+1 , or

2) IINC + [HOI + IVOI > 4 at level k.
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7. CQCHT files

7.1. General descriptibn of CQCHT outputs.

A distinctive property of the CQCHT algorithm is that it automatically éreates
numerous output files reflecting, with various degree of detail, each DMA action and
used for various purposes. The most detailed among these outputs, which we call the
Action Motivation File, contains, for each DMA'action, all information that is necéssary in
order to understand, why this particular action has been undertaken. This kind of output -
was extensively used at the stage of CQCHT design and testing. The avai.lability of
Action Motivation Files proved to‘be very important for every improvement of fhe DMA
made at this stage. We still use them occasioha!ly when considering possibilities of
some further DMA improvements. At the same time, the format of these files is not easy
to understand, and they were never used, or intended for a use, outside the group of

scientists at the NMC Development Division (DD) involved in the QC design.

On the other side of the detailness spectrum, there are the CQCHT Events Files
présenting the CQCHT DMA actions in most condensed form. Each DMA action occupies
one record in the Events File containing all information necessary to understand what
the DMA did, but not alwayé sufficient for understanding why it did so. The mai"n aim of
" this file is to be able to attach a record of all data quality decisions to each NMC data
set. These files are also used in creation of the CQCHT Monthly Summaries. We at DD
also use a modified, more easy-to-read, display of the Events File in the course of our
quasi-operational CQCHT performance monitoring. It allows us to spend much less time

doing the monitoring than would be possible otherwise.

The most widely used CQCHT output files are intermediate, in their detailness,
" between the two files described above. They are 'presented in so-called Opérational

Outputy format, which is the easiest for understanding. This format is used in both the
CQCHT Monitoring File and the CQCHT-MOD Interaction File. It is described in detail in

Subsection 7.2 and illustrated by an example, presented in Fig. 7.1. ~
7.2. Operational Output

Like any other CQCHT output filé, the operational output contains information
only about reports suspected by. the CQCHT algorithm. The majority of reports do not

cause any CQCHT suspicions, and the output files just contain no information about
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them (except, maybe, for numbers of such reports). Unlike some other files, however,
those in the Operational Output format present information about all values in each

suspected report, not only about suspected one(s).

The first two,l\ines of the operational output contain general information: the
station WMO index, denoted ID, (or, if it is a ship, its coded name) the observation time
(year, month, date, hour), the CQCHT Scan number (1 or 2), a special INDEX assigned for

“ the horizontal check purposes, the station (or ship) latitude, longitude, and elevation.
As mentioned above, the CQCHT is performed by two successive scans: after the first
scan is completed, the second one begins. The difference between the two is inainly

_that, as a rule, no rejection is pfoposgd by the DMA at the first scan. The main purpose

. of the second scan is thus to propose rejection of some data if this is desirable, or even

to reject some data automaitically. it sometimes happens, however, that the second scan
performs some additional corrections not made by the first scan. Such complicated
cases occur seldom, and the main aim of the first scan is therefore to correct suspected
values (if they shczdld be corrected or, otherwise, to retain them), while the main aim of

the second scan is to reject or to propose to reject (or, again, to retain).

The next 6 lines of an output contain data and results of the CQC baseline check:
the mean sea level pressure P-MSL, its value implied from the first guess data GES P-MSL,
the difference OINPC between thesé two (the sea-level pressure increment), the .'

horizontal check residual HINPC, i.e., the difference between the increment and its
| horizontally interpolated value for the mean sea-level pressure, the baseline residual,.
which is the difference between the station elevation and its value from the baseline -
check. All listed data are on the first line of this group (the third line of the output), its
remaining lines containing some more detailed information about the baseline check;
The column VALUE contains re‘port_ed surface-air pressure PS, the stat‘ion.elevation Zs,
and the heights Z1 and Z2 of lowest reported mandatory surfaces (the pressures at
these levels ére indicated in the column PRESSURE). The column NEW-VALUE contains
modified values of Iisted' values, each vmodiﬁc.ation making, by itself, the baseline
residual equal to zero. Finally, each CORRECTION is the difference between NEW-VALUE
“and VALUE. | | |

The next part of the output may be called Quick Recognition Data. It allows the
user to quickly recognize the kind of problem(s) with the report. It should be looked at
first of all because this makes the anal_y;is of the main body of the output much easier.

The general idea of quick recognition is as follows.
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For each increment and for each residual, except the.hydfostatic ones, there exist
two thresholds, a small and a large one (the latter being twice as large as the former).
These thresholds have been estimated at an early stage of the CQCHT design from a
specially collected statistics of the increments and residuals (when there are no rough
errors). If the absolute value of an increment or residual is less than its small threshold,
then the corresponding check is given the index 0 implying that there exist no reason
for suspicion. If the absolute value is between its small and large thresholds, then the
index is 1, “there exist something suspicious", is assigned. Finally, if the absolute value
of the increment or residual exceeds the large threshold, then the index is put equal to

2, indicating that something is more or less definitely wrong.

These "semi~qﬁalitative" indicators IINC, IVOI and IHOI for incremental, vertical
and horizon’tal checks of height and temperature of each repofted surface are at the left
hand side of the quick recognition data.  (See also Abpendix C for use of these
indicators.) The continuation of the first (1000 HPa) line to the right contains such
indicators for the baseline check (IBAS) and for incremental and horizontal checks of the
surface pressure (IPL and IHPL). Considering all these indicators together with the
suépected hydrostatic error type in thé column IHSC (see Tables 2.2 and 2.3), it is
usually easy to realize which numbers in the main body of the output deserve to be

locked at.

So, everything in the quick recognition part in Fig. 7.1 indicates a rough error in
the 300 HPa height. Indicators for increments, vertical chéck, and horizontal check
residuals for this height are 2. >Thos‘e for vertical check of 400 and 250 HPa heights are
1 (bec.ause‘ the erroneous Z3,, value has influenced the vertical check residuals for
neighboring heights), and there is a hydrostatically suépectéd—Type 1 er‘ror at 300 HPa.
Ali other indices are zero. If we want to analyze this case in more detail, we have just to
* consider numerical values of listed increments and residuals paying no attention to

other numbers in the main body of the output.

As illustratéd by Fig. 7.1, the main body contains, for each reported level,
observed (better to say, received and decoded) height and temperature, their
increments, the hydrostatic check residuals (HYRES) both in terms of height and of
temperature, the vertical check residuals for height and for temperature, and those of
horizontal check accorﬁpanied by estimated root mean square relative diffefence

between observed value and that interpolated from neighboring stations, called the
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comparison error (COMP), and finally the height and temperature values according to the

forecast first guess (denoted GUESS).

ID: 61223  DATE/TIME: 92090712 SCAN: 1
INDEX: 140 LAT: 16.73 LON: 357.00 ELEVATION: 263.00

P-MSL: 1012.4 GES P-MSL: 1011.2 OINCPS: 1.2 HINCPS: 0.7 BASELINE RESID: 4.1

VALUE  NEW-VALUE CORRECTION PRESSURE

PS 983.0 982.5 -0.5

s 263.0 258.9 -4.1

Z1 106.0 110.6 4.6 1000.0

z2 1535.0 1573.7 38.7 850.0

IINC IVOI IHOL
PRES Z T Z T 2 T IHSC IBAS IIPL - IHPL
000 0 - 0 - 0 - 4] ] () 0

850 0 0 0 -0 0 O 0 :

72000 0 0 0 0 O 0

500 0 0 0 000 0

400 0 0 1 0 0 O 0

300 2 0 2 0 2 0O 1

250.0 0 1 0 0 O 0

200 0 0 0 0 0 O 0

150 0 ¢ 0 0 0 O Q

00 0 0 0 0 0 O 0

70 0 0 0 0 0 O [¢] }
OBSERVATION  INCREMENT HYRES HYRES  VERTICAL  ----- HORIZONTAL~~---= ~~GUESS-~

PRESS HEIGHT TEMP HEIGHT TEMP HEIGHT TEMP HEIGHT TEMP HEIGHT TEMP ZCMP TCMP HEIGHT TEMP
1000  106.9999.9 6.9999.9 99999.9939.9 7.9999.9 3.9999.9 1.2%¥***  100." 37.4

850 1535. 20.8 -1, -2.1 99999,9999.9 -8. -2.6 -2. =2.1 1.2 1.2 '1536. 22.9
700 3180. 11.4 1. 1.5 1i. 3.9 5. 1.9 8. 1.5 1.2 1.2 3179. 9.9
500 5900. -5.3 20, 1.5 ~-10. -2.1 1 1.7 17. 1.7 1.2 1.2 5880. -6.8
400 7610. -17.5 4. -1.7 0. 0.1 -69. -1.8 11. -1.5 1.2 1.2 7596, -15.8
300 9910. -31.9 212, -1.2 208. 49.4 200. -1.0 209. -1.3 1.2 1.2 9698. -30.7
250 10980. -40.9 17. 0.5 -~-193, -72.5 -78 0.6 15. 0.5 1.2 1.2 10963, -41.4
200 12460. -52.5 23. 0.8 1. 0.3 5 0.9 21. 0.8 1.2 1.2 12437. -53.3
150 14260. -~66.5 32. -0.9 1. 0.2 2. -0.7 30. -~0.4 1.2 1.2 14228. -65.6
100 16670, -74.1 61L. -2.1 3. 0.4 46. -2.2 63. -1,3 1.2 1.2 16609. -72.0
70 18750. -67.7 2. 1.4 -32. -6.0 ~-19 1.8 18. 1.0 1.2 1.2 18738. -69.1

DMA RESULTS

PRESSURE VARIABLE NEW VALUE CORRECTION DECISION IHSC SCAN
300 z 9710.0 ~-200.0 1 1 1

Fig. 7.1 Example of operational output

Note that each hydrostatic check residual is, of coufse, not for the level where it
is dlsplayed but for the layer. endmg at this level. Fo‘r example, residuals of -10 m and -
2.1 Kin Fig. 7.1 are for the Iayer between 700 and 500 HPa. It should also be noted
" that, as long as the operatlonal model does not produce numerical predictions above 50
HPa, the first guess at 30, 20 and 10 HPa is always missing, and so are all increments
and residuals of Statistical checks. The CQCHT is applied to levels 30, 20 and 10 HPa as
well, but for them, it reduces itself to a purely hydrostatic quality control. We still hope
that the vertical' resolution of the NMC operational model will be improved soon and this

will allow us to get rid of this inconsistency and of complications caused by it.

The last part of the CQCHT operational output, called DMA RESULTS, expresses
actions which either were undertaken by the CQCHT Decision Making Algorithm or
proposed to be made. As already mentiohed (see Table 2.4), there are five kinds of

these actions denoted as DECISIONs. Decision 1 is an automatically made corkection,
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decision 4 is an automatic rejection (or, to be more exact, a ﬂagging for rejection from
initial data set for the NMC Data Assimilation Systems). Decision 2 is to retain the
datum as it was, decision 3 indicates questionable quality and is a call for the MOD to
decide whether the datum should be rejected or retained. Decision 5, used only (and

~ always) for Type 102 baseline suspicions, also applies to the MOD for the decision, but

in those cases it is necessary to decide, first of all, which data (if any) are wrong.

Every DMA action occupies one line. Each line contains the PRESSURE of the level
m question, the variable name (Z, or T, or-PS), its NEW VALUE and CORRECTION, and
three indices expressing the DECISION type, the hydrostatically suspected error type
IHSC and the SCAN number. For convenience, the DMA RESULTS for the second scan

contain also DMA actions at the first scan (if there were any).

. The format used in fhié Office Note to illustrate the CQCHT performance is an
abridged and modified version of the operational output. While the quick recognition
part and the last part, expressing the DMA actions, remain of the same format as in
operational outputs, the main part is slightly different, and so is the baseline part.
Hydrostatic residuals are placed between lines for corresponding leve[s. Baseline check
residuals in terms of p, z,, 2z, and z, are presented instead of corresponding corrections,
differing from them by sign. Finally, only those lines of the main part and baseline part
are retained, which contain information about suspected errors, as implied by the quick

recognition parf.

In order to compare this abridged format with the "full” format of the operational
output, one may consider Example 1 in the next section (pp. 801-802) corresponding to

the same case which is presented in Fig. 7.1
7.3 Contents of Events File

The Events File contains the information nécessary to identify all decisions
regarding the data and to give sufficient information. to understand the reasons for
decisions. Fig. 7.2 shows the Events File record for the correction of Fig. 1. The
contents differ, depending upon whiether the problem is related to the baseline checks
(hydrostatic error types > 100) or'not, as shown in Table 7.1. Alj Events File records
begin with the date and time, the station identifier and its geographical location. The
variable, level, scan, and decision are combined in a single word. The last two (units and
tens) d.igits are used for the decision. 'I:hé Adecisions are listed in Table 2.4. Counting

from the right, the next two digits are used for the scan, then next two for the level -
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Table 7.1 Events File Contents

Word Item Comments |Data Type|Format
1 date/time YYMMDDHH | "4 18
2,3 station ID ] C*4 2A4
4 longitude x100 1*4 16
5 latitude X100 4 I6
6 variable, level, scan, decision combined 1*4 1o
7 errorno. IHSC, IINC, 1*4 1o

IHOI, VO,
IBAS, HPL, IHPL
Types < 100 " Types > 100 |
8 old height station elevatidn 1*4 16
9 old tempefature old value x10 I*4 16
10 new height or new value zor (T,ps)x10 1*4 16
temperature A
11 old increment old baseline i*4 16
residual
12 old HYRES,, |new baseline resid. *4 16
13 old HYRES, , P-MSL (HPa) >4 16
14 new HYRES,, P-MSL increment 1*4 16
15 _new HYRES,, P-MSL residual I*4 16
16 old HRES z, increment I*4 16
17 old VRES z, increment 1*4 16
reserved for temporal check
18 temporal error no.
"1 9 old temporal residual
20 new temporal residual
- 21 station internal index only in code 1*4 NA

(1=1000 HPa, 2=850 HPa, etc.), and the next two for the variable. The code

numbers for the variables are listed in Table 7.2.
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Fig 7.2 Example of recard from Events File corresponding to correction in Fig. 7.1.

r92090712 61223 35700 1672 1060101 1222000 991¢ -318 9710 211 207 -193 7 6 208

200 |

Table 7.2.Events File Variable

1-z
2-T
4 -ps

S-psandall z's

The next ward in the Events File {word 7) is also a combined word, combining the
indicators for the horizontal surface pressure residual (1 digit, counting from right),
surface pressure increment (1 digit), baseline (1 digit), vertical check residual {1 digit),
horizontal check residual (1 digit), increment (1 digit), and hydrostatic check error type
(3 digits). '

Beginning with word 8, the record contents change depending upon the error
type. First, the contents for errors not invdlving baseline problems thydrostatic error
type < 100) will be described. Words 8 and 9 contain the original values of the
mandatory level height and temperature, while word 11 contains the original value of
the increment. Word 10 contains the new value (height or temperature). Words 12 and
13 contain the original values of the hydrostatic residuals for the layers, bounded by the
error level, and words 14 and. 15 contain the values of the hydrostatic residuals after the
correction (if any). Word 16 contains the value of the original horizontal residual, and

word 17 contains the original value of the vertical residual.

For baseline errors (hydrostatic efror types > 100), word 8 contains the station
elevation. Words 9 and 10 contain the original and new values of the variable identified
in word 6. The old and new values of the baseline residual are in words 11 and 12. The
reduced value of the mean sea level pressure is cdntained in word 13, while its
increment is contained in word 14, and its residual is contained in word 15. The

- increments of the lowest two mandatory level heights are in words 16 and 17:
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Words 18 through 20 are reserved for use by the temporal check, when it is
included, as it is for use in the CDAS/Reanalysis project. Word 21 gives the sequential
index described in Subsection 3.4.1 which identifies the station only within the CQCHT

caode.

Note that Table 7.1, in addition to sumrﬁarizing the contents of the Events File,
also shows any scaling, the data type, and the data format. The Events File is written
with formatted write statements. It is normally added onto each 12 hours by a running
of CQCHT at final time and a modified easy-to-read form of this addition to the file is
available with each run for monitoring purposes. Each month, a summary job is run

after which the Events File is emptied.
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8.0 EXAMPLES
8.1 Errors correctable by the hydrostatic check alone.

The Comprehensive Hydrostatic Quallty Control (CQHC) Decision Making
‘Algorithm automatically corrects isolated communication-related errors in either height
or temperature (Type 1 and 2 errors). Isolated errors of communicational origin happen
most often and the availability of additional checks does not result, as a rule, in any
difference between the CQCHT and CHQC corrections. _However, subjective inspection
of CQCHT outputs in such cases does not leave any doubt that errors of this kind
actually existed and that they have been properly corrected by the CQCHT DMA.

8.1.1 Type 1 error

So, in Example 1, the Type 1 error is confirmed by the height i increment, as wel]
as by the horizontal and vertical check residuals for the same height: all of them are
close to each other and to the error estimated from hydrostatlc check residuals (in terms
of height). The absence of large increments or residuals for temperature is negatxve
evidence" also confirming the correctness of the DMA action, as is the absence of large
height increments at neighboring levels. Finally, the fact that a simple correctnon of a
single digit has been found by the DMA also contributes to our confidence in this

decision. (Compare with Table 4.2)

Example 1
Type 1 correction

ID: 61223 LAT: 16.73 LON: 357.00 TIME: 92/09/07/12

PRES IINC 'IVOI IHOI IHSC IBAS IIPL TJPL
Z T 2T z2T .

000 0 - 0 - 0 - 9 g 0 0

850 0 0 0 0 0 0O 0

70000 0 0 0 0 0 0

50000 0 0 0 0 0 0

400 0 0.1-0 0 0 0

300 2 02 0 2 0 1

250 0 0 1 0 0 0 0

200 0 0 0 0 0 0 0

150 0 0 00 0 0 0

00 0 0 0 0 0 0 0

70 0 00 0 0 0 0.
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p ‘Observ Increment Hydrost Vertical Horizont
Z 7T Z T dnZ inT 4 T Z T
400 7610 -17.5 14 -1.7 -69 -1.8 11 -1.5
208 49.4
300 9910 -31.9 212 -1.2 ' 200 -1.0 209 -1.3
-193 -72.5
250 10980 -40.9 17 0.5 . -78 0.6 15 0.5
DMA results :
P Variable New value Correction Decision - Type Scan
- 300 o 9710 ~-200 1 1 1

8.1.2 Type 2 error

The situation is quite analogous in Example 2, where a Type 2 error correction

has been made. This correction was also simple: that of one digit and sign.

Example 2
Type 2 correction

ID: 15120 LAT: 46.78 LON: 23.57 TIME: 92/04/01/00
PRES TINC 1IVOI TIHOI IHSC 1IBAS IIPL. IJPL
_ Z 1T 21T 2T L
1000 0 0 0 0 0 O 0 0 0 0
850 0 0 0 1 0 O 0
700 0 2 0 2 0 2 2
500 0 0 0 1 O O 0
400 0 0-0 0 0 O 0
300 0 0 0 0 0 0O 0
P Observ Increment Hydrost. Vertical Horizont
Z T Z T dnZ inT  Z T Z T
850 1375 4.2 -1 1.7 1 -9.0 -10 2.5
’ -94 -33.1-
700 2922 27.0 6 34.2 - 6 33.7 6 36.6
. . : -172. -35.0
500 5460 -22.9 1 -0.2 -3 -6.6 28 . 3.0
DMA results i : :
P Variable New value Correction Decision Type Scan
700 T -7.0 -34.0 1 2 1

One may see that situations of this kind can be easily recognized by looking at
the quick recognition part of the output.” A "cross-like" pattern of indices 1 and/or 2 in
Example 2 for temperature statistical checks, accompanying the Type 2 hydrostatic
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'suspiciorn is, practically, a proof of the temperature communication error's existence (this
pattern occurs because such efrors also influence vertical check residuals for adjacent '
levels which are of opposite sign and smaller in abéolute value). (Compare with Table
4.3) ’

8.1.3 Type 1 correction with a "small" increment

A similar pattern exists in the quick recognition part of Example 1. However, this
is not always the case for height communication errors, particularly for small ones, as
may be illustrated by Example 3. In this eXamplé, _the height increment in question is
not large, but very small. What matters, however, is that the difference between it and
the "background" formed by neighbdring increments is large and close to the
hydrostatically estimated error of -100 m. As mentioned above (see subsections 3.2, 3.4
and 6.1), the DMA analyses not the height increments themselves, but their deviations
from the background formed by increments at two adjacent levéls, in other words, frorri
their arithmetic mean. The same is done with the height horizontal check residuals.

The reason for this is connected with the fact that the mandatory level heights are
computed from temperatures, and therefore a small measurement (or first guess) error
in temperafure results in a vertically persistent height error. This effect has nothing to
do with the influence of communication related errors on the height increments and
horizontal residuals and should be therefore excluded from consideration by the DMA
while searching for height communication errors. This complication sofnetimes makes
the quick subjective recognition of small height communication errors slightly more
difficult. '

Example 3

Type 1 correction with a "small" increment

ID: 35394 LAT: 49.80 LON: 73.13 TIME: 92/04/30/12

PRES IINC IVOI IHOI IHSC IBAS IIPL IJPL
Z T 2 71T 2T

w000 0 - 0 - 0 - 0 0 0 0

850 0 0 1 0 0 O 0 :

7200 00 0 0 0 O 0

500 0 01 0 0 O 0

400 0 0 0 0 0 O 0

30001 0 1.0 0 O 0

250 -0 0 1 0-0 O 1

2001 0 10 0 O 0-

150 10 0 0 0 O 0
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100 0 0 0 0 0 0 0
P Observ Increment . Hydrost Vertical Horizont
zZ T Z T dinZ AinT Z T Z T
300 8950 -46.3 91 3.3 64 1.8 47 3.1
-104 -38.9
250 10050 -48.9 - 8 3.3 -69 2.5 -32 4.2
_ 101 31.0
200 11610 -50.7 110 -0.5 63 -1.6 74 0.8
DMA results .
P Variable New value Correction Decision Type Scan
250 Z 10150 100 1 1 1

8.1.4 Type 7-10 corrections

Along with isolated errors, the CHQC also corrected pairs of communication-
related errors at two neighboring levels (Types 7-10), due to a special provision in its
Decision Making Algorithm. The CQCHT DMA contéins the same provision, and its
actions are illustraﬁed by Examples-4 and 5. Once agalin, all corrected errors are simple
ones: transposition of digits in each of two heights in Example 4, and one-digit error in-°
he‘ight‘ph’Js temperature sign error in Example 5. All other CQCHT checks confirmed the
hydrostatically propbsed corrections in both cases. As to the quick recognition parts,
the "double-cross" patterns on them allow ohe to suspect the errors of such kina even

before looking at the main parts of the outputs. (Compare with Tables 4.13-4.16.)

Example 4
Type 7 corrections

ID: 17030 LAT: 41.28 LON: 36.33 TIME: 92/04/12/12

<<
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I OO0 OO OOOOOOO —
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=
=z

P OO0 OOOOO AN

IHOI IHSC IBAS IIPL 1IJPL
1000 o 1 1
850
700
500
400
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100
70
50
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20

I OO O0OOOCOOOONNONM
I OO0 OOOOONNNNN H

Z
0
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2
0
0
0
0
0
0
0
0
0

F OO QOO0 OOOO

]
i
t
1
}

OO0 OONND
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P Observ Increment Hydrost Vertical Horizont

Z T z T inZ inT 2z T 2 T
1000 54 9.6 53 -7.8 183 -6.3 49 -6.1
: -251 -105.3
850 1139 5.6 -219 -4.2 -375 -1.3. -221 -2.6
' 599 210.9
700 3295 -4.1 361 -2.4 455 -0.8 361 -1.7
' _ -340 -69.1 :
500 5510 -23.3 4 -2.1 ~-110 -1.1 -6 -2.6
DMA results - : ,
P Variable New value Correction Decision Type Scan
850 z 1391 . 252 1 7 1

700 Z 2953 -342 1 7 1

- Example 5
Type 9 corrections

ID: 43295 LAT: 12.97 LON: 77.58 TIME: 92/04/01/00

PRES IINC IVOI TIHOI IHSC IBAS IIPL IJPL.
Z T Z T Z 7T '
00 0 0 00 0 0 0 O 0 0 0
850 0 0 0 1 0 O 0
700 0 0 0 0 0 O 0
500 0 0 0 0 O O 0
400 0 0 ¢ 0 0 O 0
300 0 00 0 1 0 0
250 0 0 1 0 1 O 0
2001 0 2 2 1 0 19
150 0 2 1 2 0 2 29
00 0 00 21 0 0
P. Observ Increment Hydrost Vertical Horizont
Z 7T Z T inZ dinT Z T Z T
250 10960 -40.7 35 -1.5 77 -1.0 114 . 2.6
, -198 -60.6
200 12240 -53.1 -16% -0.9 -196 -27.3 -136 2.6
‘ -353 -83.8 . .
150 14240 65.6. 37 133.1 80 133.7 77 136.8
: -789 -132.9 : ‘
100 16600 -81.3 80 -2.4 62 -26.3 126 4.0
DMA results _ :
P Variable New value Correction Decisio Type Scan
200 Z 12440 . 200 1 19 1

150 T -65.6 -131.2 1 29 1

8.5



8.1.5 Type 2 suspicion found wrong by DMA: no correction needed.

The examples above just illustrate the high sensitivity of the hydrostatic check
and the good performance of the CHQC DMA. This does not mean, howev'er,. that all
confident hydrostatic corrections are automatically accep.ted by the CQCHT DMA. Even
for isolated errors of Types 1 and 2, it sometimes happens, though very rarely, that a
hydrostatic suspicion is not supported by other checks, particularly when the suspected
error is not very large. A situation of this kind is presented in Example 6, where no .

_ | correction was made by the CQCHT DMA despite the hydrostatically suspected error in
the 850 HPa temperature. All other checks did not confirm this suspicion. What
probably happened in this case was that two small errors of the same sign in 1000-850
and 850-700 thicknesses were either made in the course of computations or caused by
.the curvature of the temperature profile. The resulting hydrostatic residuals in terms of
temperature were comparatively large (because the B coefficients are small for these

layers) and had the same sign, and that led to the wrong Type 2 error suspicion.

Example 6 4
~ Type 2 suspicion found wrong by DMA: no correction needed.

ID: 97180 LAT: -5.07 LON: 119.55 TIME: 92/04/08/00

HOT . IHSC IBAS IIPL 1IJPL
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I
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0
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0
0
0
0
0
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i
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P Observ Increment Hydrost Vertical Horizont
Z T z T inZ AnT z T  Z T
1000 100 25.2 10 -5.0 -3 -4.6 10 -4.3
‘ 25 10.3
850 1530 19.4 22 -1.1 5 0.4 22 -0.8
16 5.5
{4 700 3182 10.2 34 0.0 10 0.3 35 0.2
DMA results -
P Variable New value Correction Decision Type Scan
- 850 . T 19.3 . 0.0 2 2 1

8.1.6 Type "9=1+0" correction

For Type 1 or 2 error suspicions, one of orﬂy two possible decisions can be made,
either to correct the suspected datum or to rehabilitate it. An "intermediate" decision
may be right when errors at two adjacent levels are suspected (Types 7-10): to correct
only one of the two suspected data while retaining the ofher datum as it was. This was

.the case in Example 7. The hydrostatic check suspected both the 150 HPa height and
the 100 HPa temperature in this case, but, atcording to all other checks, on'ly the height

wds wrong and should be corrected, and that is what the DMA did.

Example 7
Type "9=1+0" correction

ID: 87155 LAT: -27.45 LON: 300.95 TIME: 92/05/27/12

<<
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[
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Z ,
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P Observ Increment  Hydrost Vertical Horizont
Z 1T - Z T dnZ 4nT zZ T Z T
200 12150 -53.1 27 1.0 196 0.7 34 0.7
' -561 -133.2
150 13400 -63.1 -509 -0.7 -529 -0.8 -504 -0.7
544 91.6
100 16420 -65.9 31 -0.4 207 -0.7 37 0.3
: -50 -9.6
DMA results
P Variable New value Correction Decision Type Scan
150 Z 13970 570 1 19 1
100 T -65.9 0.0 2 29 1

Generally, our experience with the CHQC showed that it is practically in%possible, :
when deéling only with the hydrostatic check,'to set a good working threshold as to
whether two data at neighboring levels or only one of them should be corrected. The
availability of additional checks makes such decision much easier. So, it was the
hydrostatic residual of -50 m for the 100-70 HPa layer in Example 7 that led to Type 9
error suspicion, rather than Type 1 :y although much smaller than two other residuals,
this one was not small enough to reject the Type 9 error alternative. However, the 100
HPa temperature increment and its horizontal and vertical check residuals are very
- small, and that has led to the CQCHT DMA decision to correct only the 150 HPa height.

Cases like those in Examples 6 and 7, when the DMA decision differs from that
implied by the hydrostatic check, are also included into the MOD file in order to give a

specialist the opportunity to make the final decision.
'8.2. Errors not large enough for correction by the hydrostatic check alone.

It would be risky to correct comparatively small suspectea communication-
related errors based only on the hydrostatic check results, and the CHQC DMA just
included such cases into the MOD file along with many other cases for which a specialist |
was needed to make the decision. As opposite to this, the CQCHT DMA makes its
decision for any suspicion of this kind, Type 11 (for height) or 22 (for temperature): it
either performs the correctibon, as it did in Examples 8 and 9, or leaves the suspected
datum unchanged and includes such case into the MOD file. In these situations, as in
many others, the DMA behaves in a "conservative" way, preferring to make no

corrections to making questionable ones. Therefore a specialist sometimes decides,
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after examining the file, to make corrections in spite of the DMA's decision not to do so.
More often, however, such negative decisions by the DMA are undoubtedly correct, as in

Example 10.

Example 8
Type "11=1" correction

ID: 94035 LAT: -9.43 LON: 147.22 TIME: 92/04/01/00

HOI IHSC 1IBAS IIPL 1IJP

-
<
o
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1000 0 0 0
850
700
500
400
300
1250
200

COCOOOOONH
= .
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I
z
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DOROOCOTON
OO0 O ORMOO -
CO0CQOMROO

P Observ Increment Hydrost Vertical Horizont
Z T Z T inZ inT Z T Z T
400 7600 -15.3 1 -0.1 i - =21 0.3 -1 -0.1
‘ . ' 53 12.5 ' ;
300 9760 -30.5 .52 -0.4 ' 51 0.8 48 -0.%
-38 -14.3
250 10980 -44.3 2 -4.1 ~15 -3.5 -2 =4.0

DMA ‘results : o
P Variable New value Correction Decision Type Scan
300 Z 9720 -490 1 S 11 1

Example 9
Type "22=2" correction

ID: 74732 LAT: 32.85 LON: 253.90 TIME: 92/04/01/00

HOI IHSC 1IBAS IIPL IJPL
T
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P Observ Increment . Hydrost Vertical Horizont

zZ T Z T dinZ dnT Z T z T
850 1487 13.4 -38 -2.0 17 1.0 -3 1.7
, : 29 10.0 S
700 3096 -3.5 -13 -9.6 -8 -9.0 -9 -7.9
47 - 9.4 -

500 5750 -13.3 -10 -0.1 0 1.3 -5 0.6

DMA results .
P Variable ‘New value Correction Decision Type Scan
700 T . 3.5 7.0 1 22 1

.Example 10 illustrates a typical situation when comparativély large hydrostatié
residuals are caused by the curvature of the temperature profile near the tropopause
and have nothing to do with any errors. The sign of such "curvature-created" .
hydrostatic residuals is opposité to the sign of the tempe'ratur_e profile curvature. For
the usual, positive, curvature of the temperature profile near the tropopausé, the
residual (as it is defined above) should be negative. That is ’exactly what happened with
the layers 150-100 and 100-70 HPa in Example 10.

Example 10 ' . ,
Type 22 suspicion found wrong by DMA; no correction needed

ID: 91610 LAT: 1.35 LON: 172.92 TIME: 92/05/28/00

HOI TIHSC 1IBAS IIPL TIJPL
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P Observ Increment Hydrost Vertical Horizont

'z Tz T dnZ dinT Z2 T z T
150 14290 -66.3 16 0.7 -10 0.6 13 0.8
| -40 -6.7 =
100 16660 -73.9 58 2.2 45 1.9 51 2.5
-44  -8.5

70 18700 -73.1 21 0.9 -27 -0.8 20 0.9

DMA results
P Variable New value Correction Decision Type Scan
100 T -73.9 0.0 2 - 22 1

8.3. Communication-related errors in height and temperature of the same

level.

Another kind of error that could be, in principle, univaluedly corrected by the
hydrostatic check alone, but was not corrected by the CHQC DMA, occurs When there _
* are communication errors in both height and tempefature at the same mandatory
surface (Type 3 errors). Considering hydrostatic equations far two layers, below and
above the surface in question, as a system of two equations with two unknowns, which
are the height and the temperature at this surface, one could solve this system and thus
compute the correct values. However, such a solution may be too sensitive to small
variations in heights and temperatures of adjacent mandatory levels. Particularly, it can
happen that only one parameter, either temperature or height, not both of them, should -
be corrected, and it is very difficult to treat such marginal cases without additional
checks or human halp. Another reason that the CQHC DMA did not perform Type 3
corrections was the fact that Type 3 suspicions could result from hydrostatic checking in

more complicated combinations of errors, when different corrections are needed.

The situation is quite different with the CQCHT DMA: using the whole complex
of chééks, it performs or, to be more exact, tries to perform, all Type 3 corrections, as it
did in Example 11. The presence of a Type 3 error is strongly suggested by the quick
recognition pattern, and the corrections have been performed by the DMA. Itis also
able to treat the marginal cases, when only one of the two parameters should be
corrected. This may be illustrated by Example 12. Due to some difference between the
hydrostatic residuals (in terms of temperature), the hydrostatic check suspected Type' 3
errors in this case, but the DMA realized that only the temperature was in error and

corrected it, leaving the height value unchanged. Cases like this are included into the



MOD file, giving a specialist the opportunity to supervise a DMA decision and, if

necessary, to override it. (Compare with Table 4.4.)

Example 11
Type 3 correction

ID: 98223 LAT: 18.18 LON: 120.53 TIME: 92/04/11/00
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0

Z T Z T inZ 1inT
500 5860 -5.9 3 -0.5
‘ -63 -19.3

371 88.2
- 300 9680 -32.5 15 0.5

T zZ

94 10.5 8

8.5 37

P Observ Increment Hydrost Vertical Horizont,

T
0.1

400 7380 -55.7 -196 -39.0 -202 -38.9 -186 -39.0

0.7

- DMA results

400 T -15.5 40.2
400 J4 7580 200

P Variable New value Correction Decision

Type Scan

3
3

1
1
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Example 12
Type "3=2" correction: HSC suspected both Z and T at 200 HPa, but DMA
rehabilitated Z and corrected only T

ID: 94750 LAT: -34.95 LON: 150.53 TIME: 92/04/08/00
PRES TIINC IVOI IHOI IHSC IBAS IIPL IIJPL
Z T 2T Z T
1000 0 0 0 0 0 O 0 0 0 0
850 0 0 0 0 O O 0 ‘
72000 0 0 0 0 O 0
500 0 0 0 0 0 O 0
400 0 0 0 0 0 O 0
300 0 0 0 0 0 O 0
250 0 0 0 1 0 O 0
200 0 2 0 2 0 2 3
150 0 0 0 0 0 O 0
100 0 0 0 0 0 O 0
70 0 0 0 0 0 O 0
50 6 00 0 0 O 0
P Observ Increment Hydrost Vertical Horizont
: oz T Z T inZ 1inT A T z T
250 10510 -51.7 - 2 0.2 -15 6.9 6 0.9
' 116 35.6
200 11980 -80.1 33 -26.4 23 -26.5 30 -27.1
- , 110 26.1
150 13820 -355.3 27 0.1 8 6.3 24 0.1
DMA results
P Variable New value Correction Decision Type Scan
200 T -50.8 29.3 1 3 1
200 “-Z 11980 0 2 3 1

The CQCHT DMA is even éapable of dealin4g with rather complicated cases of
‘ many communication-related errors in the same report, when the hydrostatic check
suspects two or more Type 3 errors in a fdw. Example 13 provides a good illustration of
such combinations of errors: As many as three Type 3 errors in a row were éuspected
by the hydrostatic check, fol!owed immediately by a Type 1 error. The DMA proved to
" be quite 's"ﬁccessful in dealing with this combination of hydrostatic suspfcions. The
"first" suspected Type 3 error (at 300 HPa) was actually a Type 2 error. It was
hydrostatically suspected as a Type 3 error because of the hydrostatic residual cfeated
by the neighboring Type 3 errors af.' 250 HPa. The Type 3 hydrostatic suspicion at 200
HPa was the cohsequence. of the errors at 250 HPa in_combination,with another, Type 1,
error at 150 HPa, There was no error at all at 200 HPa. The DMA correctly recognized

what actually happened with this report and corrected all the errors.

8.13



Example 13

Successful muitiple corrections by scan 1 in spite of inexact hydrostatic

diagnosis.

ID: 40745 LAT: 36.27 LON: 59.63 TIME: 92/03/27/00

PRES TINC 1IVOI IHOI IHSC IBAS TIIPL IJPL
- Z T Z T Z T _ ’
1000 0 0 0 O O O 0 0 0 0
850 0 0 1 0 0 O 0
700 0 0 0 0 O O 0
500 0 00 0 0 O 0
400 0 0 0 2 0 O 0
300 0.2 2 2 0 2 3
2% 2 2 2 1 2 2 3
200 0 0 2 1 0 O 3
1s0 2 0 2 0 2 © 1
100 0 0 2 0 0 O 0
p Observ Increment Hydrost Vertical Horizont.
2T Z T inZ AinT Z T Z T
400 7150 -38.5 8 0.3 3 -16.0 -11 -0.6
. ~-338 -80.2
300 9060 26.0 9 79.6 1962 70.2 11 79.5
‘ -4882 -1829.5
250 5640 -24.5 -4571 31.4 -4581 8.5 -4585 31.3
, 4484 1373.0 :
200 11650 -54.5 16 0.9 -259 -7.7 -18 -0.7
. 6008 1426.9 '
150 19500 -54.3 6036 2.5 6008 2.1 6002 2.0
-6000 -1011:0 B
100 16080 -57.3 - 65 1.4 - -2868 1.0 20 1.5

DMA results , :

P Variable New value Correction Decision Type Scan
300 T -56.5 -82.5 1 3 1
250 T -54.8 -30.3 1 3 1
250 Zz 10222 4582 1 -3 1
150 . z 13500 -6000 1 1 1

As will be shown by some other exambles,.the CQCHT DMA is capable of dealing
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with even more complicate'd combinations of errors. At the same time, it fails to
introduce corrections in comparatively simple situations, as may be seen from Example
14. The hydrostatic check suspected»{a Type 6 error; that is an error in thickness
computation, for the 300-250 HPa IayeF, but the DMA rejected this suspicion and made

no correction. At the same time, even the quick recognition part shows that there is a




Type 3 error at 250 HPa. A manual inspection of the main part confirms this diagnosis
and indicates that the reported 250 HPa height of 10640 m should be corrected to
10840 m, ’and the temperature of +25.0° should be -45.00°. Corresponding errors of - |
200 m and 70° are large enough to be detected and confidently corrected. Instead, the
DMA has just rejected both values in its second scan proving itself unable to deal

properly with this comparatively simple case. Why did this happen?

There exists a subtle effect that we call compensation. Each of two hydrostatic
residuals caused by errors in both height and temperature at the same level is a linear .
combination of these errors. It may happen with one of these residuals that, although
the contributions of both errors to it are Iarge,‘they haverpposite signs and about the
same absolute value, thus resulting in a small residual. That is exactly what happened
~ with the 250-200 HPa layer reSIdual in Example 14. The equation for this reSIdual in
terms of height, s, is

s=-z'- BT,

where z' and T' are the errors and B is the coefficient in the hydrostatic equation equal
to 3.27 mK! for the layer in question. Thus, for the errors estimated above,

 5=200-3.27*70 = 200 - 227 = -27 m,
so that the residual is about 10 times smaller than each of the two contributions to it
and very close to the actual hydrostatic residual of -20 m. The smallness of this residual
prevented the hydrostatic check from suspecting a Type 3 error . It instead diagnosed
that only one hydrostatic residual was Iarge ‘so that a thlckness computation error

should be suspected.

Example 14

Type 6 suspected instead of Type 3 because of hydrostatlc residual
compensation. The errors could be easily recognized and corrected by a.
specialist '

ID: 42379 LAT: 26.67 LON: 88.37 TIME: 92/04/09/00

PRES . IIN HOI IHSC IBAS IIPL IJPL
Z T
1000 . 0 0 0 0
850 0
700 0
500 0
400 0
300 0
250 2
200 0
0

150

I
Zz
0
0
0
0
0
0
1
0
0

OCOMNODOODOO I -Iﬂ
OHNNOOOOONEI
(@)
ONMNNOOOO I —H
CoONOCOROO |
CQOMOOOOO )




100 0 0 0 0 0 O 0
P Observ Increment Hydrost Vertical Horizont
zZ T Z T dinZ inT z T Z T
300 9600 -34.9 4 -0.6 . 90 -20.7 21 -1.0
. =391 -146.6 .
250 10640 25.0 -208 68.1 -206 68.5 -185 66.5
' . -20 -6.0 '
200 12310 -53.9 -8 -1.1 77 -18.8 -2 -1.2
DMA results ‘
P Variable New value Correction Decision Type Scan
250 Z 10640 0 - 2 6 1

Why could the CQCHT DMA not recognize that there was a compensation effect
i.n Example 14?7 The answer to this question is simple: the DMA does not contain a
special provisidn needed to achieve this aim. It would not be very difficult, at least in
principle, to generalize the DMA by including an investigation of possible compensation
effects. However such a generalization would hardly be desirable. As will be
demonstrated later in this section, there exist many other subtle effects, caused by
various combinations of two or more non-isolated errors,; which also cannot be:
recognized by the DMA, unless it isgen_eraliéed to deal with that particular corr{bination.
Each such combination occurs so seldom, that it is much better to use human help in
such rare cases.than to try to make the existing, already quite complicated, Decision
Making Algorithm more and more complicated.  This is particularly so because, however
complicated the DMA can be made, there will always be cases requiring its further

complication--or human help.
8.4. Computational errors.

The last type of error, which could be corrected by the hydrostatic check alone
but was not corrected by the CHQC DMA, is that of Type 6, i.e., an error in ihick,ness A
computation at a station {or elsewhere). As long as the heights of mandatory isobaric
surfaces are computé‘d by accumulating the computed thicknesses of all layers between
pairs of neighboring surfaces, an error in such computation leads to érrors in all heights
‘above the layer-in question. To correct all these heights based on only one hydrostatic
suspicion would be rather risky, particularly if we take"ir_xto account that a Type 6
hydrostatic suspicion may be caused ‘by“something quite different, as happened in
Example 14. ' |
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The situation is q'uite different for the CQCHT DMA due to the availability of
other, statistical, checks. So, despite the fact that the hydrostatic suspicion of a Type 6
error in Example 15 was baséd on a rather small residual, the CQCHT DMA recognized
the error and corrected it, because both incremental and horizontal check residuals for -
all involved heights confirmed its existence. The absence of large increments and/or
residuals for temperature is ';negative evidence" supporting this decision, as are the
small values of vertical check residuals for all heights in question except for the first.
(Compare with Table 4.17.)

Example 15
Type 6 correction

ID: 91643 LAT: -8.52 LON: 179.22 TIME: 92/04/01/00
PRES TINC IVOI IHOI 1IHSC IBAS IIPL 1IJPL
Z T Z T z2 T :
1000 0 0 0 0 0 O 0 - - -
80 - - - - - - -
7000 0 0 0 0 O 0
500 0 0 0 0 0 O 0
400 0 0 0 0 0 O 0
300 0 0 0 0 1 0 0
250 0 0 0 0 1 O 0
200 00 0 0 0 0O 0
150 1 0 1 0 1 0 6
100 1 0 0 0 1 O 0
7201 0 0 0 1 0 0
50 2 11 1 2 1 -0
30 - - - - - - 0
P Observ Increment = Hydrost Vertical Horizont
zZ T z T dinZ 4inT  Z. T Z T
200 12510 -53.1 52 -1.2 -14 -0.6 51 -1.1
_ 104 24.6 .
150 14400 -68.9 ~ 137 -2.4 73 -1.7 137 -2.4
_ ' ‘ -18 -3.1
100 16730 -81.7 132 -3.2 31 -3.6 132 -3.1
: -14 -2.6
70 18740 -76.9 144 4.5 11 3.1 143 4.4
: -1 -2.2 : : -
50 20720 -65.1 229 10.6 155 9.6 227 10.4
5 0.7 _ .
30 23890 -57.9 - - - - - -
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150
100
70
50
30

NMNNNN

DMA results
P Variable New value Correctwn Dec1s1on Type

14300
16630
18640
20620
23790

-100
-100
-100
~-100
-100

R R
COOO O

Scan

o e

It often happens that a computation error distorts the heights only up to 100
HPa, while all heights at 70 HPa and above are not influenced by this error. Such
“restoration of truth”, illustrated by Example 16, may be explained by the fact that F_'art C
of rawinsonde reports, containing mandatory surface data at 70 HPa and above, is
transmitted later than Part A with information up to 100 HPa. Itis passible that by the
time Part C is sent, the error in the thickness compUtation has been discovered at the

station and corrected. However, the station may not transmit the corrected Part A or, at

least, it may not reach the data file at NMC.

Example 16

Type "6-6" correction

ID: 58665 LAT: 28.65 LON 120.08 TIME 92/05/12/12

PRES

1000
850
700
500
400
300

250
200
150
100

70

30

50
20

I
Z
0
0
0
0
0
2
2
2
2
2
0
0

[
=

roococO0Oo0COo0000O-HM"™

IVOI, I
Z T Z
0 0 0
0 0 0
0 0 0
0 0 0
2 0 0
2 0 2
2 0 2
2 0 2
2 0 2
2 0 2
2 0 0
0 0 0

F OO OO QOO OCOO O —

CoO0OMOOO0OoOMOocOoOo®

"IHOI TIHSC 1IBAS IIPL IJPL

0 0 0
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P Observ Increment Hydrost Vertical Horizont

Z T Z T inZ inT Z T z T
400 7550 -17.1 21 1.0 -84 0.6 5 0.3
2457 583.6
300 12110 -32.1 2489 1.9 1412 1.2 2461 0.2
1 0.5 '
250 13360 -42.5 2502 1.6 572 0.4 2464 0.1
-9 -2.8
200 14830 -50.9 2509 2.6 594 1.6 2459 -0.2
’ g 2.1 : ‘
150 16670 -60.5 2544 3.0 679 2.8 2456 -0.7
‘ : -13 -2.2
100 19120 -70.7 2577 -2.0 1674 -1.6 2494 0.6
g -2467 -472.5
.70 18770 -70.1 61 -4.6 -85 -4.7 -8 -1.5
21 4.3
50 20840 -60.1 80 2.2 49 3.2 -5 0.5
. A 6 0.8 .
30 24090 -52.3 - - - - - -
' ' 4 0.7 ' '
20 26720 -51.5 - - - - = -
DMA results
P Variable New value Correction Decision Type Scan
300 z 9640 - -2460 1 0 6
250 Z 10900 -2460 1 0 1
200 Z 12370 ~2460 1 0 1
150 Z 14210 -2460 1 0 1
100 Z 16660 ~-2460 1 0 1
70 Z 16310 -2460 1 [ 1
50 Z 18380 -2460 1 0 1
30 Z 21630 -2460 1 0 1
20 Z 24260 "-2460 1 0 1
70 Z 18780 10 1 6 1
50 Z 20850 10 1 0 1
30 Z 24100 10 1 0 1
20 Z 26730 10 1 0 1

Example 16 shows that the CQCHT DMA has no difficulties in handling such
situations, although it does not contain any special provisions for them (the latter may
be recognized by the fact that the DMA made corrections of 1 0 m, instead of 0, at 70
HPa and abave). The DMA méde all the corrections within the first scan, first correcting
all'heights above the 400-300 HPa layer and then "recorrecting béck" the Part C heights.

" This does not mean, however, that the DMA is capable of correcting every
combination of Type 6 errors in one report. The most difficult situation of this kind
emerges when there are several such errors in a row. The case presented in Example 17

deserves to be called a champion in computational errors. -
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Example 17
"Type 66666" errors corrections by scans 1 and 2

ID: 40848 LAT: 29.53 LON: 52.48 TIME: 92/05/17/00

SCAN 1 . ,
PRES IINC IVOI IHOI TIHSC IBAS TIIPL IHPL
Z 1T Z T Z 7T ‘
1000 - - ~ - - - - 0 -0 0
850 0 0 0 0 O O 0
700 0 0 2 0 0 O 0
500 2 0 0 0 2 O 3
400 2 0 2 0 2 O 3
300 2 0 2 0 2 O 3
250 0 01 0 O O 3
2002 0 0 G 2 O 3
150 2 0-2 0 20O 3
1060 2 0 1 0 2 O 0
P Observ . Increment Hydrost Vertical Horizont
zZ T z T inZ 1inT z T Z T
700 3148 10.2 0. -1.1 -80 1.0 -3 -2.5
' . 250 50.8 '
500 6080 -11.9 246 -1.6 -9 -1.5 226 -1.5
' 366 112.0
400 8120 -21.7 606 0.1 582 0.7 586 0.1
-815 -193.6
300 9350 -38.9 -215 -0.6 -421 -0.7 230 -1.2
220 - 82.5
250 10800 -46.5 5 0.2 -62 -0.4 -19 -1.1
' 398 121.2
200 12660 -52.1 417 3.2 36 3.0 381 1.t
, 634 150.5
150 15130 -58.1 1073 0.8 683 - 0.9 1026 1.1
-376 -63.4
100 17230 -70.9 674 -5.0 153 -5.2 642 -1.7
DMA results
P Variable New value Correction Decision - Type Scan
500 " Z 5844 - =236 1 3 1
400 z 7523 -597 1 -3 1
300 z 9572 222 1 3 1
200 zZ 12261~ -399 1 3 1
SCAN :
PRES IINC IVOI 1IHOI IHSC IBAS TIIPL IHPL
Z T Z 1T Z T
1000 - - - - - - - 0 0 0
850 0 0 00 0 O -0
700 00 0 0 O O 0
500 - 0 0 0 0 O 0
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400 0 0 0 0 0 O 0
300 0 0 0 0 0 O 0
250 00 0 0 0 O 0
200 0 0 2 0 0 O 0
150 2 0 2 0 2 O 3
100 2 0 1 0 2 O 0

P Observ  Increment Hydrost Vertical Horizont

Z 7T Z T inZ inT Z T z T
200 12261 -52.1 18 3.2 -363 3.0 -18 1.3
1033 245.3
150 15130 -58.1 1073 0.8 846 0.9 1026 1.1
-376 -63.4 o

100 17230 -70.9 674 -5.0 - 153 -5.2 642 -1.7
DMA results

P Variable New value Correction Decision Type Scan
500 z 5844 -236 1 ' 3 1
400 z 7523 ~597 1 3 1
300 z 9572 o222 1 3 1
200 2z 12261 -399 1 3 1
150 z 14370 -760 1 3 2
100 Zz 17230 0 4 0 2

Some co’ntrovevrs;y in suspicions can be immediately seen in the quick reéognition
section: while the Type 3 hydrostatic suspicions imply the presence of errors in both
heights and temperatures, the results of all statistical checks indicate that 6n|y heights
contain errors. Inspection of the main part of this output confirms this impression. All

increments and statistical residuals for temperatures are rather small.

A careful inspection of height increments and hydrdstatic residuals shows that
each hydrostatic residual is very close to the difference between corresponding ‘
increments: 250 is close to 246-0, 366 to 606-246, -815 to -215-606, and so on. This_

proves that each layer thickness above 700 HPa was computed wrongly!

The DMA tried to correct all these errors. It almost succeeded; only the very last
height was rejected by scan 2 instead of being corrected. It would have been corrected

as well if there were a scan 3.

Certainly, this example is rather excepticnal. We came across only one more

such case during an entire year of the CQCHT monitoring. Cases with multiple errors of
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various kinds are, however, not so rare, and the CQCHT DMA proved to be quite

effective in correcting such errors. Some examples of this kind will be presented below.

At the same time, the DMA is unable to properly recognize and correct
comparatively simple combinations of errors in'cl_uding Type 6 ones, because a special
“provision would be needed in the DMA to achieve this aim, just as for the case in
Example 14 above. One such combination, a "Type 2 + 6" error, is presented in Example
18. There is a communication error, most probably a simplé sign error, in the 300 HPa
temperature in combination with a computation error of 100 m or 56 in the 400-300 HPa
thickness. It wodld be rather easy for a trained specialist to correct, using the CQCHT

output, all erroneous values in this report.

- Example 18
Type "2+6" correction, not provided by the DMA. The errors could be easily
recognized and corrected by a specialist. . '

ID: 48407 LAT: 15.25 LON: 104.87 TIME: 92/03/18/00
PRES TIINC 1IVOI IHOI IHSC IBAS IIPL 1IJPL
Z T Z2.T 2 71 o . :
000 0 0 0 O O O 0 o 0 0
850 0 0 0 0 0 O 0
700 0 0 0 0 0 O 0
500 0 0 0 0 O O 0
400 0 0 1 2 0 O 0
3001 2 1 2 1 2 3
250 1 0 0 2 1 0 0
200.1 0 0 0 1 O 0
150 1 0 0 0 1 0O 0
P Observ . Increment Hydrost Vertical Horizont
2T z T 1inZ inT z T Z T
400 7580 -16.5 -9 -0.3 -45 ~12.3 -7 -0.1
‘ -145 -34.5
300 9790 29.6 107 61.8 60 61.9 110. 60.9
: ' , -153 -57.5
250 11060 -42.5 117 0.3 27 -17.5 120 -4.0
5 1.4
200 12530 -55.1 128 -0.6 40 -0.2 127 -1.0
' -3 - -0.7 : :
150 14310 -67.7 112 -0.9 44 -0.7 115 -1.3
DMA results
P Variable New value Correction Decision Type Scan
300 T 29.6 .. 0 3 3 2
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8.5. Hydrostatically suspected errors at highest or lowest reported levels.

A communicatidn-related error in either temperature or height of the highest

. mandatory surface among those reported (Type 5 error).influences only one hydrostatic
residual, that for the highest layer. It is impossible therefore for the hydrostatic check
alone to decide which of the two parameters is in error (or, maybe, both are).
Consequently, the CHQC DMA only provided human specialists with its Type 5 error

suspicion outputs,.and it was up to the specialist to decide what to do in each such case.

“The situation with the CQCHT is quite different: using information from other,
statistical, checks, its DMA almost always diagnoses the error and automatically
corrects it, as it did in Example 19. The temperature increment and residuals of its
statistical checks at 250 HPa are quité large in this example, close to each other ahd
close in absolute value to, and of opposite sign of, the hydrostatic check residual (in
terms of temperature). The DMA thus concluded that only the temperature was in error,
and found a simple correction--of its sign only. No information about this correction was
given operatiohally to Ianylspecialist (just as for confident corrections at an intermediate
level). Only in cases, when the DMA has not performed any correction, either because it
decided that no correction was needed or because no correction(s) resulting in
sufficiently small values of all increments and residuals could be found, is a specialist
provided with the CQCHT results and asked to make the decision. (Compare with Table
4.9) '

Example 19
Type "5=2" correction

ID: 47041 LAT: 39.93 LON: 127.55 TIME: 92/03/31/12

<
=]

NNOOOOO

PRES HOI IHSC IBAS TIIPL IJPL

)
=

NOQODOOOCO 4N

1000
850
700
500
400
300
250

1 0 .0

COOOOOONMH

I
z
0
0
0
0
0
0
0

OCOQOOOOONH
NOOROOO
NMOOODOOS
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p Observ Increment Hydrost Vertical Horizont
Z T zZ T inZ inT Zz 7T y4 T
300 9160 -46.3 -49 -1.6 -11 -34.5 -42 -2.5
~-308 -115.4 :

250 10340 .57.6 ~ -60 112.6 -31 113.1 -70 111.2

DMA results '

P Variable New value Correction Decision Type Scan
250 T -57.6 -115.2 1 50 1

Some further exampleS of Type 5 error corrections will be presented below, in

connection with more complicated cases.

Although thé situation 'with Type 4 errors, those influencing the hydrdstatic v
residual only for the lowest layer, is anélogous to that just considered, there are some
important differences. First, a Type 4 hydrostatic suspicion may be caused not only by
communication error(s), but also by an error in computing the thickness of the lowest
layer. (Striétiy speaking, the same is true for Type 5 errors: such error may be a result
of wrongly computed thickness of the highest layer. However, such an error cannot,
and does not need to, be distinguished from a communication error in the height of the
highest level). Secondly, there exists an additional check, the baseline check, and it

increases the chances for the DMA to properly diagnose and correct Type 4 errors.

So, the DMA diagnosis in Example 20 that it was a height error is based not only
on the fact that the hydrostatic residual for the 1000-850 HPa Iayer is of opposite sign
and close in absolute value to the 1000 HPa height increment and to residuals of its
statistical checks, which are close to each other. The baselme check residual in terms of
this height also confirms this diagnosis. If that were not the case, then the DMA would

try to find a different solution. (Compare with Table 4.5.)
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Example 20
Type "4=1" correction

ID: 08594 LAT: 16.73 LON: 337.05 TIME: 92/04/11/12

HOI IHSC IBAS TIIPL . IHPL

[l
=

I O00O000OoOO00OOoO AN
<
S
—

PRES

1000 -
850
700
500
400
300
250
200
150
100

70
50
30
20 -

2 0 0

I
zZ
1
0
0
0
0
0
0
0
0
0
0
0

1 OO0 OO OO0 OOOO | NK
I OO0 OO0 OOORREFENH
OO OO0 OOOOO~
I OO0 OO0 OO0 OO OOCO

OCOO0OO0ODOOOoOOCOOO N

- FULL VALUES SURF PRESSURE BASELINE CHECK RESIDUALS
Ps Zs INCR HORRES inPs inZs inZl inZ2
1008.0 54 - -0.4 -0.8 12.9 _ 120 -114 -2409

P Observ Increment Hydrost Vertical Horizont

Z T Z T inZ 4inT Y4 T Z T

1000 g8 22.2 -114 2.6 -110 2.6 -118 3.7
94 39.7

850 1494 16.6 -8 0.1 41 -0.8 -10 0.3

DMA results
P Variable New value Correction Decision Type Scan -
1000 zZ 98 90 1 4 1

A more compl'icated situation, when the DMA diagnosed and corrected both the
height and the temperature of the lowest surface is illustrated by Example 21 . Again,
the presence of the baseline check results was useful; its residual in terms of Z1 '
confirms that the "partitioning” of the contributions of height and temperature errors to
the hydrostatic residdal has been performed reasonably well by the DMA on the basis of

statistical residuals. {Compare with Table 4.7)
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Example 21
Type "4=3" correction
ID: 97014 LAT: 1.53 LON: 124.92 TIME: 92/05/07/00

=
z

OO0 0DOCOODOON~N

PRES

L.
<
O
=

HOI IHSC IBAS IIPL TIHPL
T

1000
850
700
500
400
300
250
200
150
100
70
50
30

2 0 0

l mOoOOoCOoOOoOODOoOOOO N+
| HOOO0O0OOQOOON

I
z
1
0
0
0
0
0
0
0
0
0
0
0

I HFOOOOOOOOO KN

R OODOOOOODOOOKMNH
OO0 OOOCh

FULL VALUES SURF PRESSURE BASELINE CHECK RESIDUALS
: Ps Zs INCR HORRES inPs inZs inZl 1inZ2
1002‘0, 80 0.5 0.4 -10.5 -99 98 -7905

P Observ Increment Hydrost Vertical Horizont
Z T Z T inZ inT Z T Z T
1000 0 0.0 -89 -30.4 : -89 -29.9 -89 -30.0
© 162  68.2 ’
850 1504 17.8 1 -1.5 38 8.0 1 -1.2

DMA results _

P Variable New value Correction Decision Type Scan
1000 T 30.3 30.3 1 4 1
1000 - Z 90 90 1 .4 1

It is easy to see what has actually happened in this case: both heightand
temperature at 1000 HPa were erroneously put equal to zero. Most probably, these data
were just missing in the report, but they were coded not as missing but as zeros. Errors
of such kind happen often. There is no need to search for simple corrections for such

errors.

Anather point to be mentioned about these, Type "4=3", errors is that a possible
compensation effect, like that which occurred in Example 14 above, is even more
dangerdus when communication-related errors in both height and temperature take
place at the lowest or highest reported level. A Type 3 error usually results in two large

hydrostatic residuals, and a compensation can make only one of them small, while the
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other is still large and signals that something is wrong. As to a Type "4=3" or "5=3"
error, it leads to only one large hydrostatic residual, and a compénsation effect would
make this residual small, so there is no hydrostatic suspicion at all. As a result, the DMA
does not recognize communication errors in such cases, suspecting observational errors
instead, as it did in examples 22 and 23. Itis a human sbecialist who faces the not very

easy task of identifying and correcting the errors using the CQCHT outputs.

Example 22

Type "5=3" error, not recognized because of compensation

ID: 24817 LAT: 61.27 LON: 108.02 TIME: 92/07/09/12

PRES IINC IVOI IHOI TIHSC IBAS IIPL IJPL

Z T Z 71T 2Z T ‘

1000 0 - 0 - 0 1 0 0 0 0

850 0 0 O 0 O O 0 '

700 0 0 0 0 0 O 0.

500 00 0 0 0 O 0 .

400 0 0 O 0 0 O 0

300 0 0 0 0 0 O -0

250 0.0 0 O 0 O 0

200 0 0 0 0 0 O 0

150 0 0 0 0 0 O -0

100 0 0 0 0 0 O 0
720 0 0 0 0 1 0. 0
50 2 2 2 2 2 2 0
P Observ Increment  Hydrost Vertical Horizont

Z 7T Z T inZ 1inT Z T V4 T
70 18950 -49.1 © 93 1.2 -38 -3.8 110 1.3
: 42 8.6

50 21320 -24.5 = 266 24.7 218 24.5 282 24.9
DMA results :
P Variable New value Correction Decision  Type Scan
50 T . -24.5 0.0 3 0 2
50 zZ 21320 . 0 3 0 2

8.27



Example 23
Type "4=3" correction not made because of compensation

ID: 42361 LAT: 26.23 LON: 78.25 TIME: 92/07/17/12

PRES

<
Q
e

HOI IHSC 1IBAS ' IIPL IHPL

[
=z

HOOOOOOOOODON M

1000
850
700
500
400
300
250
200
150
100

70
50

=
Q
no

2 0. 0

OO0 OOOOONH
COCOQCOOOOOH M N H

I
y4
1
0
1
0
0
0
0
1
0
0
0
0

HOOODOOOOOOON-—
RPOODODOCDOOOOOON—
COCOOOOOOOOO

FULL VALUES SURF PRESSURE  BASELINE CHECK RESIDUALS
Ps Zs ~ INCR HORRES inPs inZs inZl  1inZ2

g72.0 207 -3.0 -0.7 -9.7 -82 100 465

P Observ Increment Hydrost Vertical Horizont

Z T zZ T dnZ 1inT zZ T Z T

1000 53 -0.5 58 -37.3 © 82 -35.7 78 -37.3
' -10  -4.1 ,
850 1388 19.6 -42 -4.6 . -49 6.6 -33 -5.0

DMA results A :

P Variable New value Correction Decision Type Scan
1000 zZ 53 0 5 102 1

A proper identification and correction of Type 7-10 errors also becomes difficult
when one of the two error-containing levels is the lowest or the highest one, because
three hydrostatic residuaﬂs are needed in order to diagnose errors of any of these typeé,
but only two residuals are available. As a rule, human help is necessary in such

situations, as in Example 24.
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Example 24
Type "boundary 9" errors

ID: 82900 LAT: -8.07 LON: 325.12 TIME: 92/06/15/12

<
Sl
s

PRES TIIN

')

HOI TIHSC IBAS IIPL IHPL

I
pA
1000 1 102 2 0 0
850 0 '
700 O
500 0
400 O
300 O
250 0
200 O
150 0
100 O

I
zZ
1
0
0
0
0
0
0
0
0

SCoocoCcocOoONO H
'oooooooopmNH
OO0 OOOND
cCooocococoOoOND
CoocoOoOoO oW

0

FULL VALUES  SURF PRESSURE BASELINE CHECK RESIDUALS
Ps Zs INCR HORRES inPs 1inZs inZl 1inZ2

1016.0 19 3.1 3.8 . 16.1 153  -139 1541

P Observ Increment  Hydrost Vertical Horizont

Z T zZ T dinZ inT z T zZ T

1000 18 25.0 -112 -2.8 -123 7.6 -107 -2.0
204 85.9

850 1549 -13.5 18 -29.8 56 -28.8 23 -29.2
' 85 30.0

700 3172 8.4 19 -0.4 15 8.6 24 -0.5

DMA results ‘ .

P Variable New value Correction Decision Type Scan
1000 Z 18 0 5 102 1
850 T -13.5 0 3 - 3 2

A hydrostatic suspicion of a Type 4 error may also be caused by a computational
error in the thickness of the lowest layer. Such a computational error results in wrong
values of all heights except that of the lowest level. The CQCHT DMA is cfapable of
diagnosing and correcting such "Type 4=6" errors, as in Example 25. One can see that . '
the increments and horizontal check residuals for both height and temperature of 1000
HPa are rather small, while those for all other heights are large and close to the
hydrostatic residual. Such a pattern, reflected also by the quick recognition section, is
analogous to that for Type 6 errors, as discussed in Subsection D, except that there is a

Type 4, not 6, hydrostatic suspicion.
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Example 25
Type "4=6" correction

ID: 46734 LAT: 23.57 LON: 119.62 TIME: 92/04/29/00

PRES TIINC IVOI IHOI IHSC IBAS IIPL THPL
Z T Z T Z T
1000 0 0 0 0 0 O 4 0 -0 0
85 1.0 1 0 2 0 0
72001 0 0 0 1 O 0
500 1 0 0 0 1 0O 0
400 1 0 0 0 1 © 0
300 1 0 0 0 0 O 0
250 1 0 0 O O O 0
200 1. 0 0 0 O O 0
150 1 0 0 0 0 O 0
100 1 0 0 0 0 O 0
70 0.0 0 0 O O 0
50 ¢ 0.0 0 0 O 0
30 - - - - - - 0
20 - - - = - - 0
0 - - - - - - 0
P Observ . Increment Hydrost Vertical Horizont
Z T Z T 4inZ dnT y4 T zZ T
1000 107 24.2 11 -2.0 -53 -1.2 7 0.4
- 106 44.5
850 1615 19.0 -108 -2.5 . 68 -~1.6 101 -2.7
: 0 -0.1 '
700 3250 10.2 96 -1.0 16 - -0.5 82 -1.7
11 2.1 : _
500 5970 -6.3 101 1.1 23 0.9 75 -0.3
: : 5 1.5 '
400 7680 -17.9 111 1.4 31 1.0 87 -O.
-7 -1.7 :
300 - 9760 -32.7 110 0.6 ' 24 0.2 61 0.2
-3 1.3 .
250 11020 -42.7 113 0.5 27 0.8 64 0.0
-0 0.0
200 12480 -56.5 115 -2.1 31 -2.2 63 -1.1
' 4 1.0 ,
150 14270 -65.7 108 0.0 16 0.8 60 -0.7
-9 —15 ‘\V
100 16670 -74.7 137 -1.8 65 -1.3 54 -0.1
| -9 -1.8 _ -
70 18740 -73.3 93 -2.9 6 -3.1 53 2.2
-3 -0.5
50 20750 -64.3 100 2.6 53 3.2 55 0.0
: 4 0.5
30 23950 -54.5 - - - - -
‘ -1 . -0.2
20 26570 -50.1- - - - - -
-1 -0.1

10 31200 -39.7 - - -
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DMA results A :

P Variable New value Correction Decision Type Scan
1000 T 24.1 0.0 2 4 1
1000 Z 107 0 2 4 1
850 Z 1515 -100 1 0 1
700 Z 3150 - =100 1 0 1
500 Z 5870 -100 1 0 1
400 z 7580 -100 1 0 1
300 Z 9660 -100 1 0 1
250 Y4 10920 -100 1 0 1
200 zZ 12380 © =100 1 0 1
150 ¥4 14170 -100 1 0 1
100 Z 16570 -100 1 0 1
70 z 18640 -100 1 0 1
50 Z 20650 -100 1 0 1
30 y4 23850 -100 1 0 1
20 zZ 26470 -100 1 0 1
10 pA 31100 ~-100 1 0 1

8.6. Errors correctable by the complex containing baseline checks,

Although the Comprehensive Hydrostatic Qﬁality Control code contained a
baseline check, it was impossible without other,-statistical, checks to diagnose what
actually happenedin each case with a large baseline check residual. Therefore, the
CHQC DMA just displayed the baseline check results for such cases, not even trying to

recognize which data was in error and why.

The situation with the CQCHT is quite different: the presence of statistical check
residuals, particularly of those for the surface-air pressure, makes it possible for the
CQCHT DMA to examine the origin of each error causing a large baselin‘e and/or surface

pressure check residual and to correct most such errors.

As illustrated by examples 20 and 21 in the previous subsection, thev baseline
check residual is used by the CQCHT DMA when a Type 4 error is suspected by the
hydrostatic ch.eck. In those cases, however, the baseline check provides auxiliary
information to confirm (or deny) a diagnosis reached ‘on the basis of O;her checks. The
main use of the baseline checks is different: to correct errors which otherwise could not

be even diagnosed confidently. There are four types of such errors.
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Among them, Type 100 errors happen most often. This type of error is, as a
rule, a communication-related error in thé surface-air pressure, as in Example 26. The
DMA identifies a Type 100 error when the baseline residual in terms of surface pressure
is large and close to the surf_ace pressure increment {(and its horizontal residual), and
there are no large mandatory height increhents nearby. This check or, better to say,
this complex of checks proves to be very sensitive, particularly over plain terrain (or
over sea) in non-polar regions: the DMA is capable of detécting a_nd correcting Type 100
errors as small as 6 HPa, as in Example 27. (Compare with Table 4.11) -

Example 26
Large type 100 correction

ID: 40758 LAT: 36.27 LON: 59.63 TIME: 92/06/16/12

HOI IHSC IBAS IIPL IHPL
T

PRES

)
=

COOCOOOCOOOO 1 ~-N
<
o
=

[y
o
[w]

1000
850
700
500
400
300
250
200
150
100
70

2 2 2

COO0OO0OOOOOOONH
CODOOOOOCOOONH

I
z
0
0
0
0
0
0
0
0
0
0
0

COOQOOCOOOO 1T ~
OO OOOOOO |
QOO OO OO

» FULL VALUES @ SURF PRESSURE BASELINE CHECK RESIDUALS
Ps Zs INCR HORRES inPs inZs inZl 1inZ2
990.0 989 88.4 88.1 89.4 849 -906 135311

DMA results , ‘ ,
P Variable New value Correction Decision Type Scan
Ps 900.0 -90.0 1 100 A
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Example 27
Type 100 correction

ID: 08508 LAT: 38.75 LON: 332.93 TIME: 92/04/01/00

<
o
=

PRES

=
=z

OO0 OO-AN

HOI IHSC IBAS IIPL IHPL

1000
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- 100 2 1 1

F OO O OO OMNM
P OOOOOONH
PO OCOOO-

T OOO O OONH

T
0
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0
0
0
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t
|
\
|
]
'
LI B = = 3 oo I e )

oo
OO
ool
cCoO
oo
00Ot
OO

FULL VALUES SURF PRESSURE BASELINE CHECK RESIDUALS
Ps Zs - INCR HORRES inPs inZs inZl = inZ2
1004.0 55 -6.4 -6.4 -6.9  -58 57 2329

DMA results :
P Variable New value Correction Decision Type Scan
Ps 1010.5 6.5 1 100 1

Although the surface pressure correction, performed by the DMA, was quite
reasonable, what actually ha_ppened i.n Example 27 was not a communication error of
this pressure but an error in the elevation of the station 08508 in the NMC list of upper—
air sounding Stations, the so-called statioh.dictionary. That was clear because, unlike
communication errors, the Type 100 error at this station was permanent: it occurred in
each report from the station. Oﬁrvexperivence shows that such station elevation errors
occur not very seldom. Most probably, they are caused by Changes in station positions. .

The CQCHT DMA provides a good tool for detection and correction of these errors.

‘One could suspect station elevation errors even by the baseline check alone, and
we came across such cases when monitoring the CHQC results. Under those conditions,
'h'owever, one could nbt be absolutely sure about the nature of each permanent baseline
error. At least in principle, such errors might be caused by a permanent error (a scale
shift) of the station barometer measurements. The situation is quite different when the
baseline check residuals are analyzed in a_<.:-omplex with other resi'd_uals, as it is done by

the CQCHT DMA. An observational error in surface pressure (Type 106 error) results in
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_residual pattern substantially different from that résulﬁng froma Type 100 error. As
illustrated by Example 28, the surface pressure increment and horizontal residual are
large for a Type 106 error as they are for a Type 100 error, but the baseline residual is
small and, most important, there are large increments and horizontal residuals of
isobaric heights, Eeg_inning at the lowest reported level. Théy are approximately equal
to each other and to the surface pressure increment multiplied by the vertical gradient
of pressure (i.e., by about 8 m/HPa). Consequently, in order to correct a surface
pressure measurement error it is necessary not only to correct the pressure, as in the
case of a Type 100 error, but also to make corresponding corrections to all heights, as

" the DMA did in Example 28. These corrections look Iirke those of a thickness

computation (Type 6) error, but are .gpplied to all heights beginning with the lowest one.

(Compare with Table 4.22.)

Example 28 _
Type 106 correction

ID: 94302 LAT: -22.23 LON: 114.08 TIME: 92/04/06/00

HOI TIHSC IBAS IIPL IHPL

=
=

I 000000000 ~A
<
[e]
=

© |PRES

[y
o
o

1000
850
700
500
400
300
250
200
150
100
70
50
30

0 A 2

I OO QOO kN

I
A
1
1
1
1
1
1
0
0
0
0
0
0

I OO0 OOONH
OO0 O -

I O0O000OOODOOO
CO00OCOOOOOOO

FULL VALUES  SURF PRESSURE BASELINE CHECK RESIDUALS
Ps Zs  INCR HORRES = 1inPs inZs inZl 1inZ2
1019.0 6 10.6 10.8 0.5 4 -4 36
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p Observ. Increment Hydrost Vertical Horizont
Z T Z T dinZ inT Z T z T
1000 168 23.6 88 -3.4 : 36 -3.2 90 -2.6
7 3.1 :
850 1579 20.2 88 -0.5 19 0.6 87 -0.6
8 2.8
700 3220 8.2 90 -0.4 22 -0.3 87 -0.2
: : ' 9 1.9 *
500 5910 -10.1 91 0.0 26 0.2 88 -0.2
0 0.1
400 7590 -21.9 8 -0.3 13 -0.3 80 -0.5
I 2.0
300 9650 -37.1 922 0.0 24 -0.5 90 0.1
, -3 -1.0
250 10890 -43.5 95 1.9 22 2.1 92 1.8
: -3 =1.0
200 12350 -54.7 97 -0.9 27 -1.1 93 -1.2
: ‘ 0 0.0 ' ‘
- 150 14150 -64.1 80 -1.2 25 -0.6 86 -0.8
-14 -2.3
100 16570 -72.1 79 -2.9 ' 21 -2.3 75 -2.1
12 . 2.3 ,
70 18680 -72.3 70 -2.1 : 5 -2.3 73 -0.9 .
’ 6 1.1
50 20701 -62.9 99 3.9 62 4.4 93 2.3
: © -1 -0.1 :
30 23910 -=55.3 . - - - - - -
DMA results »
P Variable New value Correction Decision Type Scan
1000 zZ 76 -92 1 106 1
850 Z 1487 -92 1 0 1
700 Z 3128 -92 1 0 1
500 z 5818 -92 1 0 1
400 Z 7498 -92 1 0 1
300 Z . 9558 -92 1 0 1
250 z 10798 -92 1 0 1
200 z 12258 -92 1 0 1
150 VA 14058 -92 1 0 1
100 Z 16478 -92 . 1 0 1
70 z 18588 - =92 1 0 1
50 zZ 20618 -92 1 0 1
30 Z 23818 -92 1 0 1
Ps 1008.3 -10.7 . 1 106 1

Corrections of this kind are also needed when there is no communication or

observation error in surface pressure, but.an error has been made in computing the
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height of the lowest manda_tory level (Type 116 error, illustrated by Example 29).
. (Compare with Table 4.18.)

5

Example 29 ,
Type 116 correction

ID: 28952 LAT: 53.22 LON: 63.62 TIME: 92/05/08/00

PRES IINC IVOI IHOI IHSC IBAS IIPL IHPL
S Z T Z T zZT :
000 0 0 0 0 1 0 116 2 0 0
850 1 0 0 0.1 0 0
700 1 0 0 0 2 0 0
500 2 0 1 0 2 0 0
400 2 0 0 0 2 0 0
300 2 01020 0
250 2 0 10 2 0 0
2001 0 1 0 10 0
1500 1 0 0 0 1 0 0
100 0 0 0 0 0 0 5

FULL‘VALUES SURF -PRESSURE BASELINE CHECK RESIDUALS
Ps Zs INCR HORRES inPs  1inZs inZl 1inZ2

99%0.0 171 -1.5 - -2.0 -9.0 -76 81 1210
P ObéerV Increment  Hydrost Vertical Horizdnt.
z T Z T inZ inT V4 T Z T
1000 163 8.6 65 4.0 14 2.6 66 4.1
8 3.4 :

850 1500 3.8 8 3.8 21 1.6 81 4.3
-5 -1.8

700 3040 -6.3 104 3.9 : 18 2.2 101 4.3
' ' 6 1.2

500 5600 -21.3 148 3.6 43 2.0 144 4.3

: : 4 1.1 '

400 7210 -33.1 168 3.4 39 1.9171 3.5
0 0.0

300 9170 -47.7 195 2.9 . 51 2.6 199 3.4

' 1 0.3 :
250 10350 -56.7 205 -1.1 58 -0.5 212 -1.0
: -10 -3.1 :

200 11740 -60.9 184 -5.7 59 -4.7 192 -5.5
-4 -1.0

150 13540 -56.9 119 -3.5 © 36 -2.1132 -3.4
-89 -15.0

100 16020 -56.5 24 -0.7 -34 -0.1 21 -1.0

DMA results _ _
P Variable New value Correction Decision Type Scan .
1000 z - 87 -76 1 116 1

850 - . Z 1424 v -76 1 0 1.
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700 Z 2964 -76 1 0 1
500 z 5524 -76 1 0o 1
400 zZ 7134 -76 1 0 1
300 z 9084 -76 1 0 1
250 Z 10274 -76 1 0 1
200 z 11664 - -76 1 0 1
150 Z 13464 - -76 1 0 1
100 Z 15944 -76 1 0 1
100 T -50.6 5.9 1 5 1
100 Z 16003 -17 1 5 1

Such an error does not lead, uniike a Type 106 error, to large surface pressure
residuals. It results instead in a large baseline check residual in terms of the station
elevation, which is of opposite sign and close in absolute value to all height increments.
Corréspondingly, the DMA corrects all the heights by this value. As may be seen'in
Example 29, these corrections are very much like those of Type 106 error corrections

(Example 28), except that there is no pressure correction.

Comparison of the CQCHT DMA actions cancerning these two types of errors
gives a good illustration of what ma&/ be called the CQC ideology, namely of fts attempts
to diagnose the cause of each rough error. Although resulting in quite analogous
patterns of residuals, Type 106 and 116 errors are of substantially different origin, and
the origin of each error is investigated by the DMA. This is important not only because
corresponding corrections are different for errors of these two types, but also because
an analogous residual pattern may be caused by observation errors when no correction

is possible.

Examplé 30 illustrates the last type of error that can be detected and corrected.
only with the help of the baseline check, the Type 101. This is a communication error in
the lowest level height which, however, cannot be suspected by the hydrostatic check

. just because the temperaturé at this level is missing. This happens comparatively often,
particularly for elevated stations. A Type 101 error leads to a large increment and a
large horizontal check residual for the lowest level héight (more exactly, to large
algebraic differences between them and their values at the next level), which are

~ approximately equal to the baseline check residual in terms of this height. Using these

values, the DMA computes the error and corrects it. (Compare with Table 4.1 2)
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Example 30

Type 101 correction

ID: 06610 LAT: 46.82 LON: 6.95 TIME: 92/04/01/00

PRES

| )
=

COO0OOCODOOOOOOO-N

1000
850
700
500
400
300
250
200
150
100

70
50

OCOOOOCOOOOOONNH

COOCOCOOOCOOOMMNNMKM

5

I TIHOI IHSC IBAS IIPL TIHPL
T 2 7T '

0 2 0 101 2 2 2
00 0 o0 :
0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 O 0

0 0 0 0

0 0 O 0

0 0 0. 0

FULL VALUES

SURF PRESSURE  BASELINE CHECK RESIDUALS

- Ps . Zs INCR  HORRES inPs inZs - -inZl inZ2

933.0 501 9.7 8.5 -9.3 -72 127 168
P Observ Increment  Hydrost Vertical Horizont

Z T Z T dinZ AinT Z T Z T

1000 67 - le1 - 153 - 149 -
850 1243 -1.1 13 -1.8 -55  -1.7 10 -0.4

DMA results
P Variable

1000

V4

New value Correction Decision Type Scan
-69 -136 1 101 . 1

It should be mentioned that the DMA behavior'with errors detected with the aid

of b}aseline c'he'ck differs essentially from its treatment of hydrostatically suspected
errors. No such thing as a baseline check suspicion which may be found right or wrong
- exists. Each error of any of fouf types considered above is not only suspeéted but
automatically corrected by the DMA. This is because, in order to diaghose any of these

errors, the DMA uses the baseline residual in combination with those of other checks.

There exist some cases when, despite large residuals of the baseline and/or

surface pressure checks, the DMA finds itself unable ta meet criteria for any of types
100, 101, 106 or 116 error. This often happens with reports from elevated stations
~ because errors in the extrapolation of temperature to the sea level may distort results of

the baseline and surface pressure checks for such stations. Therefore the DMA just
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ignores such error suspicions from stations with elevation exceeding 800 m. As to
reports of that kind from stations with lower elevation, the DMA makes the decision 5,
"human help needed”. It transfers the CQCHT information to the MOD specialists,
assigning the error ty‘be 102 to either the lowest height or the surface pressure,
meaning that something is probably Wrong, according to the baseline check results, in
the report, but the DMA was unable to confidently detect and correct the“error(s). |

Itis usﬁally not difficult for a qualified specialist tb recognize what actually -
happened when a Type 102 error has been diagnosed and, if necessary, to make
‘corrections. A small Type 116 error is most pro'bable in Example 31, and itisuptoa
specialist to decide whether or not to correct all heights by about 40 m. In some rare
cases, however, a great deal of knowledge and even imagination is needed in order to
make the proper decision, as happened in Example 32. Although the reported surface
pressure was definitely wrong.ih this case, the DMA could not diagnose a Type 100
error because the baseline check indicated a substantially smaller error than the surface
~ pressure checks did. Neither was it diagnosed'as a Type 106 error because the baseline
residual in terms of surface pressure was large and because the height increments were

much smaller than eight tlmes the surface pressure increments.

- Example 31
Type 102 suspicion
ID: 42700 LAT: 23.37. LON: 85.33 TIME: 92/04/15/00

]
=

cCooOoCCcCOoOOoOO I HA

PRES

<
(@}

cooooooOoo ! N

HOI IHSC IBAS TIIPL IHPL
T -
1 2 1

R
o
N

1000
850
700
500
400
300
250
200
150
100

OP OO OO OoOO0O !

O 1 OO OO OOOONH
O 1 DOODDOOOOQ

O 1 OOODOOOOOMNH

I
Z
0
0
0
0
0
0
0
0
0

-FULL VALUES SURF PRESSURE BASELINE CHECK RESIDUALS
Ps Zs INCR HORRES inPs  1inZs inZl inZ2-
943.0 647 8.9 7.7 4.2 40 62 108
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P Observ Increment Hydrost - Vertical Horizont
' Z 7T Z T dinZ inT Z T Z T
1000 86 - 45 -~ 25 - 37 -
850 1516 24.4 32 -2.0 | 3 .-1.5. 17 -2.6
DMA results ;
P Variable New value Correction Decision Type Scan
Ps 943.0 0 5 102 1
Example 32

Type 102 suspicion - nmstm@bamy,acombmaﬂononype100and106enom

ID: 07240 LAT: 47.35 LON: 0.72 TIME: 92/05/13/00

HOI IHSC IBAS IIPL TIHPL

PRES IINC IVOI I
: Z T ZT2ZT

000 1 - 0 - 1 - 102 2 2 2
850 0 0 0 0 1 0 0

7000 0 0 0 1 0 0

500 0 0 0 0 1 0 0

400 1 0 0 0 1 0 0

300 0 00 0 1 0 0

250 0 0 0 0 0 0 0

200 0 0 0 0 00 0

150 0 1 0 1 0 1 0

00.0 0 0 0 0 0 0

. FULL VALUES  SURF PRESSURE  BASELINE CHECK RESIDUALS
" Ps Zs INCR HORRES . 1inPs inZs inZl inZ2
904.0 106 -107.6 -109.2 - -97.8 891 -2374 -1427

P Observ Increment Hydrost Vertical Horizont
Z T . Z T .dinZ inT z T VA T
1000 122 - - -81 - - . =51 - - -89 -
850 1523 15.6  -50 4.3 ‘ -3 4.9 -58 4.4
: Co < 7 2.5
700 3132 1.8 - -39 -2.0 2 -2.8 -50 -2.1
0 0.0
500 5750 -16.5 -60 -2.6 -1z -1.8 -73 -2.2
3 0.9
- 400 7390 -28.5 -83 -1.9 -29 -1.4 -91 -1.6
: -2 -0.5 _ :
300 9390 —42.3 -85 0.9 -23 0.7 -94 0.8
DMA results - .
P Variable New value CorFection Dec1s1on Type Scan .

1000 Z . 122 0 5 102 1
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To solve this puzzle, one has to imagine what would hapgen if there were both
mleasurement and communication errors in the surface pressure! Having made this
assumption, it will be comparatively easy to recognize that the surface pressure was
first measured with an error of about -10 HPa and then transmitted with an additional
error of -100 HPa. To correct the fepbrt, it is necessary to add about 110 HPa to

reported surface pressure and about 80 m to each reported height.

8.7. Observational errors.

The CHQC DMA is Qnable to detect observational errors in rawinsonde reports
because, as long as the mandatory level heights are computed from observed - _
- temperature profiles by the hydrostatic equation, the hydrostatic check simply does not

react to any observational error.

In contrast, the CQCHT DMA is not only capéble of detecting observational
errors, like many other QC methods, it is much more sensitive in doing so, just b'écause
of the presence of the hydrostatic check: if there are large residuals of statistical checks
and no large hydrostatic residuals, this clearly indicates that the errors are of
observational origin. Moreover, although it would be, generally speaking, be_tter if the
isobaric -heights were determined independently, the fact that they are computed from
temperature data plays a positive role in detecting observational errors: it allows the.

CQCHT DMA to recognize rather small errors of this kind if they are persistent vertically.

Example 33 illustrates such a situation. The temperature increments and
horizontal residuals are very small in this example (although still larger than the
hydrostatic residuals), but they are all positive. Their accumulated influence resulted in
large height errors, and that made it possible for the DMA to detect these observational

errors. (Compare with Table 4.21.)
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Example 33
Small but persistent observation errors

ID: 59981 LAT: 16.83 LON: 112.33 TIME: 92/04/06/12
PRES  TINC IVOI IHOI IHSC IBAS IIPL IJPL
Z.T 2T Z T
1000 6 0 0 0 0 O 0. 0 0 0
850 0 0.0 0 O O 0
700 0 0 0 0 O O 0
500 0 0 0 0 0 O "0
400 0 0 0 0.0 O 0
300 0 0 0 000 O
250 0 0 0 0 O O 0
200 0 0 0 0 0O 0
150 10 0 06 1 0 .0
00 2 0 10 1 O 0
70 1.0 0 1 1 0O 0
P Observ Increment Hydrost Vertical Horizont
Z T 4 T inZ AnT z T Z T
700 3134 11.4 3 2.2 3 1.8 6 2.2
' : -3 -0.6
500 5860 -3.5 25 2.8 12 1.7 29 3.1
, , -5 -1.4 :
400 7580 -14.7 29 2.6 2 1.4 25 1.8
-2 -0.6
300 9700 -27.5 47 2.4 10 1.1 39 2.4
: 4 1.5 '
250 10990 -36.9 - 63 2.6 : 12 1.1 56 2.7
_ ' ' 3 1.1
200 12500 -48.1 85 3.3 17 1.8 80 3.4
. 4 0.9 .
150 14340 -62.1 121 4.2 15 2.9 114 4.0
-5 -0.9
100 16780 -72.1 217 3.6 103 4.5 202 4.8
1 0.1
70 18820 -83.5 194 -8.2 - 84 -9.0 172 -5.5
‘DMA results _ _
P Variable New value Correction Decision Type Scan
100 'Z 16780 ' 0 .4 0o 2

- Observational errors may be quite large, like those in Examples 34 and 35. In
such cases 'the DMA detects possible errors not.only in heights, but either in both
temperature and height as in Example 34, or even only in temperature, if the errors are
not very large and not very persistent, as happened in Example 35. (Compare with
Table 4.20.) ’ '
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Example 34

Large observational errors

[ID: 72247 LAT: 32.35 LON: 265.35 TIME: 92/04/13/12

PRES IINC IVOI IHOI IHSC IBAS IIPL IJPL
zZ Tz T Z T
1000 0 0 0 0 O O 0 0 0 0
850 0 0 0 0 0O O 20
7000 0 0 0 .0 O 10
560 0 2 1 1 0 2 6
400 1 2 0 1 1 2 0
300 2 2 1 1 2 2 0
250 2 2 2 1 2 2 0
20002 0 2 0 2 O 0
- 150 2 0 0 0 2 1 0
10002 0 2 0 2 O 0
70 2 1 1 1 2 1 0
P Observ Increment Hydrost Vertical Horizont
Z T 2 T inZ inT Z T Z T
700 3184 2.4 11 -1.86 11 1.2 12 -1.6
) 56 11.5 ‘
500 5810 -26.9 -9 -14.5 36 -10.4 -11 -13.9
' -5 -1.4
400 7370 -40.3 -117 -14.8 -26 -7.6 -114 -15.0/
.5 1.2 :
300 9260 -58.3 -247 -17.1 -63 -9.9 -242 -16.8
-8 -3.0 ’
250 10380 -65.3 -340 -14.5 -102 -9.7 -337 -14.2
_ 8 2.5 '
200 11760 -60.9 -376 0.2 - -115 4.8 -369 2.2

: ' ' 10 2.5 g

150 13530 -67.5  -349 -4.0 . -54 -3.9 -358 -7.4
' -13 -2.1
100 15970 -65.5 -434 -0.6 ~187 -1.9 -436 -1.3
10 1.9 .
70 18170--61.3 - -336 10.3 -117 10.5'-367 8.4

DMA results .

P Variable New value Correction Decision Type Scan
850 T 13.0 0.0 3 20 1
700 Z 3184 0- 2 10. 1
500 Z 5810 0 2 6 1
850 T 13.0 0.0 3 20 2
700 Z 3184 0 2 10 2
500 . T -26.8 0 3 6 2
500 Z 5810 0 2 6 2
400 T -40.3 0.0 3 0 2 .
300 T - -58.3 “0.0 3 0 2
300 Z 9260 0 4 0 2
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250 Z 10380 0 ' 4 0 2
0 0 2

200 Z 11760 4
| P Variable New value Correction Decision Type Scan
150 Z 13530 . 0 4 0 2
100 Z 15970 -0 4 0 2
70 Z 18170 0 4 0 2
Example 35

Isolated observational errors

ID: 52267 LAT: 41.98 LON: 101.07 TIME: 92/04/13/12
PRES IINC 1IVOI IHOI IHSC IBAS TIIPL IJPL
. LT Z T ZT
000 0 - 0 - 0 - 0 0 0 0
850 0 0 0 0 0 O 0
700 0 0 0 0 0 O 0
500 0 0 0 0 0 O 0
400 0 0 0 0 0 0 0
300 0 1.0 0 0 1 0
250 1 1 0 1 0 1 0
2001 0 1 0 1 O 0
150 1.0 0 ¢ 0 0 0
00 1. 0 0 0 0 O 0
70 0 0 00 0 O 0
s6-0 0 0 0 0 O 0
P Observ Increment  Hydrost Vertical Horizont
Z T Z T inZ inT Z T Z T
400 7310 -31.7 32 2.3 -8 0.2 4 1.4
) 1.1
300 9300 -43.1 80 8.3 11 5.0 40 7.0
, : 4 1.6
250.10510 -51.3 135 . 9.5 37 6.6 83 7.6
» -2 -0.5 .
200 11930 -59.7 179 2.2 64 0.3 116 -0.2
DMA results -
P Variable New value Correction Decision Type Scan
300 T -43.1 0 ' 3 .0 2
250 T -51.3 0 ' 3 0 2

Errors of observational origin in-temperatures and/or heights of mandatory

surfaces cannot be corrected because the reported values are those computed in the
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course of data processing at stations, not the observed values themselves: There exist
therefore two options concerning data distorted by observational errors: either to
automatically exclude them from consideration by the data assimilation system, or to
ask a specialist to decide what to do with each such datum. It was decided to have the
CQCHT output MOD file include all reports diagnosed as containing observational errors.
The DMA decisipn concerning each such datum is either 3 (likely bad), or 4 (definitely

bad), or 5 (Type 102 error, i.e., undetermined probable baseline error).

Decisions 4 may be, though usuaily are not, overridden by a specialist. As to the
likely bad data (decisions 3 and 5), itis up to a specialist to decide what to do with each
such datum. To make well-motivated decisions of this kind is a rather difficult task,

particularly under operational conditions.

First, there usually are several levels in a row with likely bad data, and it is
necessary to decide which of them (if any) should be rejected. Secondly, not much may
be achieved by looking at the output itself, just because the report has been already
examined by the CQCHT algorithms. It is highly desirable therefore to use every
available additional information, like results from other obsewing means or significan‘t
~ level data, and/or to involve graphical aid: vertical profiles and cross-sections, maps etc.
It is hardly possible without special software to produce such graphs in operatioﬁally

dcceptable time.

One has also to have in mind that the decision whether to reject or to preserve.
some data should depend on the presence or absence of other data not far from the
station. In a region with a dense network one can easily reject even slightly
questionable data, while even more strongly suspected data should be retained in a data

poor region.

- There exists, at least in principle, a possibility to make an intermediate decision:
to retain a questionable datum but to assimilate it with smaller weight. This may be
done by assigning a larger root mean square observation error to such datum. This way,
assigning different RMS observational errors to different data, depending on their
estimated quality, is already used in both global and regional Data Assimilation Systems
at the NMC. | ' 4

Not every DMA decision 3, or 4, or-5 means, of course, that an observational

error is diagnosed or suspected. ‘In every case, when the DMA detects some large errors
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but is unable to correct them (br to rehabilitate the data), it either rejects erroneous data
br, at least, includes them as suspected data into the MOD file. This happens, as a rule,

_ in complicated cases, when there are several rough errors in a'report, and not all of them
(or even nane of them) could have been corrected automatically. in such situations, like

those in examples 14 and 32 above, a well-qualified specialist is often able to properly

correct the report.

It also happens often that a report is distorted by both observational and non-
observational errors. This does not cause much harm if the observational errors are
very large, like those in Example 36. Whether first corrected or not, the erroneous data
would be finally rejected anyway. The situations illustrated by Example 37 are much
more unfavorable. As can be easily seen, there was a computational error in this case,
which resulited in wrong heigﬁts at 100 HPa and above. However, a small observational
error in the 100 HPa temperature prevented the DMA from diagnosing and correcting

this error. It is up to human specialists to perform necessary corrections in such cases.

Example 36
Large observational errors, rejections included corrected datum.
ID: 40230 LAT: 32.55 LON: 35.85 TIME: 92/07/19/00_
SCAN 1
PRES TINC 1IVOI IHOI IHSC IBAS IIPL TIHPL
2 T2 T ZT ' .
000 - - - - - - - - - -
850 0 2 0 1 0 1 0
700 2 2 1 2 2 2 0
500 2 2 2 2 2 2 5
. P~ Observ Increment Hydrost Vertical  Horizont
Z T z T inZ inT Z T z T
850 1440 4.2 -48 -17.2 28 -12.9 -39 -14.6
, 2 0.6 o
700 3000 -2.1 -132 -13.7 - -32 -18.6 -118 -13.1
-368 -74.8 _
500 5610 60.6 -243 64.0 -176 66.8 .-236 64.9
DMA results
P. Variable New value Correction Decision Type Scan
500 - T -14.1 -74.7 1 5 1
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SCAN 2

PRES TIINC IVOI IHOI 1IHSC 1IBAS IIPL IHPL
Z'T 2T Z T :
000 - - - - - .- - - - -
850 0 2 0 1 0 1 0
700 2 2 1 0 2 2 0
500 2 1.2 1 2 1 0
p Observ Increment Hydrost Vertical Horizont
zZz 7T Z<« T dinZ inT z T Z T
850 1440 4.2 -48 -17.2 28 -12.9 -39 -14.6
2 0.6
700 3000 -2.1 -132 -13.7 -32 -6.9 -118 -13.1
¢ -0.1
500 5610 -14.1 -243 -10.7 -176 -7.9 -236 -9.8
DMA results
P Variable New value Correction Decision Type Scan.
500 T -14.1 ~74.7 1 5 1
- 850 T 4.2 0.0 3 0 2
700 T -2.1 0.0 3 0 2
700 Z 3000 o 4 0 2
500 T -14.1 0.0 3 0 2
500 Z 5610 0 4 0 2
Example 37

Small observational error prevented Type 6 error corrections.

ID: 60680 LAT: 22.78 LON: 5.52 TIME: 92/07/12/00
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P Observ Increment  Hydrost Vertical Horizont

Z T Z T inZ inT Z T 4 T
150 14260 -64.7 1 -1.5 04 -0.7 0 -1.5
' -323 -54.5

100 16330 -78.3 -330 -5.2 -177 -5.1 -330 -5.2
-36 -7.0

70 18380 -68.3 -405 -0.5 -145 0.2 -405 0.5
- . -18 -3.6

50 20430 -58.1 -380 6.8 -172 6.7 -381 6.8

DMA results
P Variable New value Correction Decision Type Scan

100 Z 16330 0 2 6 1
100 Z 16330 0 4 6 2
70 z 18380 0 3 0o 2
50 ° Z 20430 0 3 0 2

8.8. Data holes

'lf a report. does not contain height or temperature at some mandatory level, or
both are missing, then this level is a missing one for the hydrostatic check. - It just skips
this level and goes to the next one. ' If there are two or more missing levels in a row (or
if the missing level is 100 HPa), then the DMA diagnoses a data hole (Type 13 or 14
error suspicion) and performs some additional testing. The reason for doing so is the
possibility that a large Hydrostatic residual in such th.ick layer was caused not by any -
errors but by the nonlinearity of the temperature profile (with respect to the logarithm
of pres‘sure_) within the layer. In other words, it may happen--and actually happens very
dften--that, despite a large hydrostatic residual in a data hole, there are no errors at the

lower or up.per boundary of the hole.

The presence of many data holes in operationally received (and decoded)
rawinsonde reports was discovered at NMC about four years ago, and several measures
were undertaken since then in order to make them less frequent. However, data holes

_still occur comparatively often, though more seldom than several years ago; Among
them, Type 13 suspected errors, which occur when one or more upper levels of the Part
A are missing (i.e., when the hole contains the 100 HPa levél), happen fnost often. The -
main reason for them is the fact that Parts C of repdrts, containing mandatory. levels 70

HPa and less, are transmitted separately from Parts A.

Unlike the CHQC DMA, the CQCHT DMA not only detects the data holes, it
investigates whether there are rough errors at the lower and/or upper boundary of each

hole. It does not take into account, when doing so, the hydrostatic residual within the
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hole (because of its dnreliability), analyzing instead hydrostatic residuals for layers

. neighboring the hole in a complex with increments and h>orizontal residuals for the hole
boundaries. Quite naturally, the DMA decides in most cases that there were no errors,
as it did _in Example 38. From a f_ormal point of viéw, the CQCHT resuits in such a case
do not differ from the. CHQC ones: the data hole was discovered and nothing was.
changed. In the essence , however, the CQCHT DMA did much more, it confirmed that

the data at the hole boundaries did not contain rough errors.

Example 38
Data hole, no errors

ID: 71722 LAT: 46.38 LON: 284.03 TIME: 92/04/13/00
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P Observ  Increment Hydrost Vertical Horizont
Z T z T inZ inT Z T Z T
400 6800 -41.9 -44 -1.6 -35 -0.6 -60 -1.2

70 18170 -53.9  -30 -1.1 13 -0.2 -30 -0.2

DMA results v
P Variable New value Correction Decision Type Scan
400 T -41.9 0.0 2
400 Z 6800
70 T -53.9
70 Z 18170
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= R e

2
.0 2
2

OO0
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Example 39 illustrates a situation with a rough error at the hole's lower
boundary. This may be denoted as Type 5' error, because, attempting to find such
errors, the DMA behavesju'st like it would do if there were no data above the hale.
Analogously to Type 5, one may distinguish between Type “5'=1", "5'=2" and "5'=3"

errors. -Example 39 is a "Type "5'=2" error.

Example 39 v :
Before-the-hole correction (Type "5'=2" correction)

ID: 37549 LAT: 41.68 LON: 44.95 TIME: 92/09/08/12
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P Observ  Increment Hydrost Vertical Horizont

Z T o 2 T inZ inT z T Z T

300 9590 -37.9 35 -0.3 14 -9.6 29 -0.4
; -89 -33.3

250 10820 -14.1 28 30.6 8 30.7 16 30.2

-----------------------------------------------------------

70 18840 -61.1 27 -0.2 14 -0.1 -4 -0.9

DMA results

P Variable New value Correction Decision Type Scan
250 T -44.5 -30.4 1 3. 1
70 T -61.1 0.0 2 0 1
70 Z 18840 , 0 2 0 1
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Analogously, a situation with rough error(s) at the upper boundary of a hole, like
that in Example 40, may be denoted as a Type 4' error, because the DMA ignores all data
below the hole while detecting and correcting such error. It may correct either the
height of the hole's upper boundary ("Type 4'=1" correction), or its temperature ("Type
~4'=2"), or both ("Type 4'=3"), or even all the heights above this boundary ("Type 4'=6"

correction). -

Example 40
After-the-hole correction. (Type "4'=1" error correction.)
ID: 28275 LAT: 58.15 LON: 68.18 TIME: 92/07/10/12
PRES IINC 1IVOI - IHOI IHSC IBAS IIPL TIIPL
, Z T Z T Z T o
000 0 0 0 0 0 0 0 0 0 0
850 00 0 0 0 0 0
700 0 0 0 0 O O 0
500 0 0 0 0 0 O 0
400 0 0 0 0 0 O 0
300 0 0 0 0O O O 0
250 0 0 0 0 0 O -0
200 0 0 0 0 0 @ 0
5% - - - - - - -
w0 - - - - - -
7200 0 0 0 0 O 13
50 0 0 00 O O 0
P Observ Increment  Hydrost Vertical Horizont
2T Z T inZ inT Z T z T
200 12120 -57.5 66 -2.4 .37 -3.3 32 -1.7
150 - - - - - - - =
100 - - - - - - - -
» ' 95 - 6.2 .
70 18940 -51.1 97 ~ 1.8 94 1.1 70 0.9
=122 -24.7 :
50 21020 -48.1 6 3.3 -44 2.9 -38 2.6
DMA results -
P Variable New value Correction Decision Type Scan
200 T -57.5 0.0 2 0’ 1
- 200 Z 12120 0 2 0 1
70 Z 18840 -100 1 13 1
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Certainly, the presence of a hole diminishes the DMA capability to properly
detect and correct errors at its boundary That is why all information concermng data
holés is included into MOD files. It is also,necessary to realize that it is practically
impossible or, at least, it would be very risky to automatically detect and correct a
- computational error in the hole's thickness, just because the hydrostatic residual for a
data hole cannot be believed. A specialist can help to resolve such cases, and even more

| complicated ones, like that in Example 41.

Example 41 _
After-the-hole corrections rejected because of an addmonal computational error
in the thickness of the hole

SCAN 1 ’
JID: 43003 LAT: 19 08 LON 72.85 TIME 92/07/14/00
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P Observ Increment  Hydrost Vertical Horizont
zZ 7T Z T dinZ inT z T Z T
250 11000 -38.6 -1 -0.4 .. -4 -0.2 -1 0.1
~2838 -211.6
100 15240 20.2 -1403 95.6 -1290 96.3 -1411 95.9
- ' 715 136.9 .
70 18520 -75.1 -224 -3.6 364 -20.6 -216 -4.1
: 5 1.0 :
50 20530 -68.1 -225 -0.8 -110 0.0 -227 -0.9

DMA results

P Variable New value Correction Decision Type Scan
250 T -38.6 0.0 2 0 1
250 Z 11000 0 2 . 1
100 T -80.7 ~100.8 1 14 1
100 Z 16426 1186 1 1
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SCAN 2

PRES IHSC IBAS IIPL TIHPL
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P Observ  Increment Hydrost Vertical Horizont

: Z T Z T dinZ inT ~Z T 4 T
250 11000 -38.6 -1 -0.4 -3 -0.2 -1 0.1

-300 -22.4
100 16426 -80.7 -217. -5.3 - -104 -4.6 -225 -5.0
S 56 10.6 .
70 18320 -75.1 -224 -3.6 -62 -2.5 -216 -4.1
5 1.0 :
50 23640 -61.9 -225 -0.8 -110 0.0 -227 -0.9

DMA results :
P Variable New value Correction Decision Type Scan
250 -38.6 - 0.0 0
250 11000 0 0
100 -80.7 -100.8 14
100 16426 © 1186 14
250 -38.6 0.0 0
250 11000 0 -
100 -80.7 .14
100 16426 14
70 18520 0
50 20510 0

.0
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W B W NN NN
MR RN R R R R

DO OO O

There were communication-related errors in both height and temperature at the
upper boundary of the hole, 100 HPa, and both were corrected by the CQCHT first scan. -
At the second scan, however, the CQCHT DMA recorimended rejecting all heights above

the hole and even rejecting data corrected by the first scan.

Analyzing the second scan outpiit; a specialist may see that the 'th_ree height

increments above the hole are very close to each other, as are the horizontal check
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residuals. Most probably, there was an additional error of about -220 m in the hale
thickness computation. If this, "Type 6hgja" error is corrected, there will be no more

CQCHT suspicions for this report.

8.9. Multiple error corrections.

As illustrated above, computational errors (Types 6 and 116), as well as those in
surfacé pressure measurément (Type 106), usually result in wrong values of several '
mandatory level heights in a row, and all these values should be corrected.
Nevertheless, each such error may be considered as a single error, because all wrong
values have been caused, so to say, by a single wrongdoing: either by a wrong

computation, or by a wrong measurement.

Some other kinds of errors, also considered above, are in fact multiple errors in
_ the sense that there were two or more wrong actions resulting in erroneous values, like

two communication-related errors in cases of Type 3, 7, 8, 9 or 10 errors.

Several more complicated cases, like those in Examples 13 and 17, were also
considered above in order to illustrate some general points. The purpose of this, last
subsection is to demonstrate further examples of multiple errors and to draw some

general conclusions.

The CHQC DMA had no probléms when coming across so-called isolated multiple
errors, that is, errors divided from each other by one or more error-free levels, The same
is true for the CQCHT DMA, as illustrated by Examble 42. The three error-containing

‘levels in this example, 850, 300 and 100 HPa, are isolated, and the DMA was able
therefore to analyze and correct errors at each level independently. This example also
illustrates essential superiority of the CQCHT over the CHQC. The latter wnuld not be
able to correct any of the six erroneous values because it is unable to make Type 3 and

Type 4 error corrections.
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Example 42

Successful multiple corrections by scan 1.

ID: 32540 LAT: 53.02 LON: 158.72 TIME: 92/07/29/00

PRES TIINC IVOI TIHOI IHSC IBAS IIPL TIHPL
Z T Z T Z T ' ,
1000 2 2 2 2 2 2 4 2 0 0
850 0 0 2 0 0 O 0 :
700 0 02 0 0 O 0
500 2 1 2 1 2 1 3
400 0 0 2 0 0 O 0
300 0 0 2 2 0 O 0
250 2 2 2 2 2 2 3
200 0 0 2 2 0 O 0
150 0 0 0 0 0 O 0]
100 0 0 0 0 0 O 0
720 0 0 0 0 0.0 0
50 0 0-0 O 0 Q. 0
30 - - -~- - - 0
20 - - - - - - 0
FULL VALUES  SURF PRESSURE  BASELINE CHECK RESIDUALS
"~ Ps Zs INCR HORRES inPs ~ inZs inZl 1inZ2
999.0 78 0.4 -1.4 27.1 275  -277 -43988
P Observ Increment  Hydrost Vertical Horizont
: Z T 4 T inZ inT Z T Z T
1000 -207 -13.5 -261 -25.7 -264 -24.4 -274 -24.0
. 334 140.6
850 1400 2.2 5 -3.8 - 114 4.2 -1 -3.2
' : 3 1.2
700 2960 -0.7 -9 -1.3 -1284 1.4 -18 -0.4
L 4014 815.2
500 98560 -20.5 3956 -9.4 3957 -9.8 3945 -9.3
. _3919 HERERR
400 7290 -20.9 6 2.5 -1609 4.5 -2 2.0
: 2 0.4
300 9350 -36.5 23 2.0 240 -38.7 .13 1.9
‘ : -906 -339.4
250 10040 88.2 -512 135.7 - =533 135.5 -522 136.6
: : 96 29.3 :
200 12030 -54.5 32 -1.6 228 -37.0 16 -3.3

DMA results -

P Variable New vaiue Correction Decision Type Scan
1000 T 12.9 26.4 1 4 1
1000 Z 64 271 1 4 1

500 T -10.8 9.7 1 3 1
500 Z 5600 -3960 1 3 1
250 T -48.3 -136.5 1 3 1
250 Z 10580 - ..540 1 3 1
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The errors in Example 43, unlike those in the previous one, are not isolated.
They are present at three levels in a row. Several conclusions may be drawn from this
example. First, the DMA successfully corrected only the heights, leaving the
temperatures unchanged, despite the absence of a special provision for such errors and
despite the hydrostatic suspicions of Type 3 errors implying that the temperatures
might be wrong as well. Secondly, a well trained specialist can easily realize what has
actually happened in this case: the person who coded the report for transmission was
aware of the coding requirement to skip the first digit in 850 and 700 HPa heights, as
well as in those of 250 HPa and above, but he (or she) erroneously "extrapolated” this
rule to the heighis of 500, 400 and 300 HPa surfaces. The actual values of these .
heights were thus 5830, 7530 and 9620 m respectively, which is very close to the
values computed by the DMA. This gives a realistic estimate of the degree of accuracy
achievable by the CQCHT DMA in the course of automatic cdrrection of three data even.

without a special provision for such cases.

Example 43 : A
"Type 77" corrections of coding errors.
ID: 67774 LAT: -17.83 LON: 31.02 TIME: 92/06/01/00
PRES TIINC 1IVOI TIHOI TIHSC 1IBAS IIPL IJPL
Z T 2T Z2 T
000 - - - - - - - - 0 0 0
85 0 0 1 0 0 O 0 -
7000 0 2 0 0 O 0
500 2 0 2 0 2 O 3
400 2 0 2 0 2 O 3
300 2 0 2 0 2 0 3
25 0 0 2 0 0 O 0
P Observ Increment Hydrost Vertical Horizont
‘ zZ 1T Z T inZ AinT A T Z T
700 3155 5.0 - 9 -2.5 -781 -0.7 8 -2.6
2430  493.5
500 8260 -8.1 - 2437 1.3 ‘ 3371 2.1 2435 1.1
400 5290 -16.5 -2227 2.5 -2010 2.2 -2229 2.5
-1201 -285.3
300 6180 -33.1 -3417 0.1 -2678 -0.6 -3419 0.1
' "~ 3443 1290.3 '
250 10880 -42.1 29 0.5 2022 0.5 26 0.4
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" The accuracy may be worse with a larger number of errors, as in Example 44,

where all eight reported values, four heights and four temperatures, were corrected by

DMA results - ‘ '
© P Vvariable New value Correction Decision Type Scan
500 z 5823 -2437 1 3 1
400 Z - 7517 2227 1 3 1
300 Z 9598 3418 1 3 1

the DMA.  Two CQCHT scans were needed to do this. On the first scan, two Type 3

“errors at intermediate levels, 500 and 400 HPa, were hydrostatically suspected, which
resulted in correction of all four values at these levels. Using these corrected values at

the second scan, the hydrostatic check suspected errors at the lower and upper levels

{among those repbfted), i.e.,, Type 4 and 5 errors, and that led to correction of four

remaining values.

Example 44 .
"Shift errors”, all data corrected by two scans
ID: 42867 LAT: 21.10 LON: 79.05 TIME: 92/07/08/12
SCAN 1 :
PRES TINC IVOI TIHOI 1IHSC IBAS IIPL IHPL
, Z T 2T Z T
1000 - - .- - - - - - - -
850 - - - =~ - - -
7200 2 2 21 2 2 0-
500 2 2 2 2 2 2 3
400 2 2 2 0 2 2 3
300 2 2 2 2 2 2 0
P Observ  Increment Hydrost Vertical Horizont
Z T 2 T inZ inT Z T Z T
700 1460 30.2 -1634 17.7 . -254 13.9 -1645 20.1
. : -1231 -249.9
500 3143 15.2 -2685 18.0 -1445 11.3 -2688 18.5
, ' 933 285.6 ) -
400 5910 0.2 -1655 13.6 151 5.3 -1636 14.7
o . -501 -119.0 o
300 7670 -9.5 -2025 17.9 -1140 14.7 -2009 19.9
DMA results
P Variable New value Correction Decision = Type Scan
500 T -5.0 . =20.2 1 3 1
500 Zz 5829 2686 1 3 1.
400 T -10.9 -11.1 1 3 1
400 z 7555 © 1645 1 3 1
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SCAN 2 . : : '
PRES IINC 1IVOI 1IHOI =IHSC IBAS IIPL IHPL
Z T 2T 2T
000 - - - - - - - - - -
850 - - - - - =~ -
700 2 2 2 2 2 2 4
500 0 0 2 1 0 O 0
400 0 0 2 0 0 O 0
300 202 2 2 2 2 5
P. Observ Increment. Hydrost Vertical Horizont
- Z T "z T dinZ AnT z T Z T
700 1460 30.2 -1634 17.7 -1634 18.2 -1645 20.1
1555 315.7
500 5829 -5.0 1 -2.2 548 -6.0 -2 -1.7
: ' -6  -1.9 »
400 7555 -10.9 -10 2.5 705 -0.6 9 3.6
. -2099 -498.6
300 7670 -9.5 -2025 17.9 -2020 17.3 -2009 19.9
DMA results ‘
. P Variable New value Correction Decision Type Scan
500 T -5.0 -20.2 1 3 1
500 Z 5829 2686 1 3 1
400 T -10.9 -11.1 1 3. 1
400 z 7555 1645 1 3 1
700 T '10.4 -19.7 1 4 2
700 Z 3101 1641 . 1 4 2
300 T -29.2 -19.7 1 5 2
300 zZ 9670 2000 1 5 2

It is not difficult to realize what happened most probably to this report. There
actually ware errors not in height or temperature, but in pressure values. They were
shifted by one mandatory level upwards: 850 HPa data were reported as 700 HPa ones,
700 as 500, and so on. Using this explanation, one can compare automatically cofrected'
values of height and temperature at 700, 500 and 400 HPa with those in the report
shifted b,a;:k to correct levels, and _fhus to evaluate the accuracy of corrections. Not

unexpectedly, the accuracy is comparatively low, particularly for height corrections.

It is desirable therefore that every case with multiple CQCHT corrections (such
* cases are very rare; there are usually not more than 1 or 2 of them per main observation
time) be investigated by a specialist in an attempt to realize what has actually happened
and to rﬁake better corrections. This human help is particularly important in cases when
the CQCHT could not, due to one or andtﬁér reason, make all necessary correcfions of

- non-isolated errors, like those in Example 45. This, again, was a shifting error, with 700
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HPa data repeating 850 HPa ones. The CQCHT DMA corrected only a small part of errors
and proposed therefore to reject all other erroneous data. The specialist's help would

allow the whole report to be preserved instead of rejecting most of it.

Example 45
"Repshift" error, only small part corrected

ID: 51243 LAT: 45.60 LON: 84.85 TIME:92/07/13/12

SCAN 1
PRES HOI IHSC IBAS IIPL IHPL
T ‘
-2 2 2
102 S

[
=

QOHHEREFERNRNNO T AN
<
o

COO0OOHORMRO I —H

1000
850
700
500
400
300
250
200
150
100

NN RONNNNOS T NH
PRNO | NNR NN N H

I
z
0
2
2
2
2
2
2
2

CORRNMNNG I
Vc>quac>h§UJuJUJ

FULL VALUES SURF PRESSURE BASELINE CHECK RESIDUALS
Ps Zs  INCR- HORRES inPs 1inZs inZl - 1inZ2
960.0 426 781.5 781.6 110.0 -1090 662 -1688

P QObserv Increment Hydrost Vertical Horizont
: Z T Z T dinZ inT Z T Z T
850 1516 25.0 9 0.9 . 955 -3.6 2 0.9
"~1694 -596.3
700 1516 25.0 -1637 14.4 . =777 11.4 -1655 14.7
-1202 -244.0
500 3175 9.6 -2686 15.9 -1438 10.8 -2720 15.1
: 931 285.1
400 5890 -9.7 -1672 10.0 143 2.9 -1710 9.5
-437 -113.3
300 7590 -19.5 -2049 14.7 -898 10.2 -2093 13.4
250 - =-32.7 - 9.0 : - 2.7 - 7.9
463 78.0
200 10940 -40.3 -1438 8.7 -40 4.6 -1504 7.4
-428 -101.6
150 12440 -48.1 -1789 8.9 -402 6.0 -1865 7.6
~765 -128.9 : “ -
100 14300 -55.9 -2452 - 6.5 -1583 4.9 -2535 5.8

8.59



DMA results

P Variable New value Correction Decision  Type Scan
850 Y4 1516 0 5 102 1
700 T 5.4 -19.6 1 -3 1
700 V4 3162 1646 1 3 1
300 zZ 7590 . 0 3 1 1
200 z 10940 0 3 1 1

SCAN. 2 : ' ,
PRES TINC IVOI IHOI IHSC 1IBAS TIIPL 1IHPL
Z T Z T Z T '
000 - - - - - - C - 1 0 Q0
850 0 0 0 0 0O O 0
700 0 0 2 1 0 0O 0
500 2 2 2 .2 2 2 3
400 2 1 2 0 2 1 3
300 2 2 2 1 2 2 1
250 - 1 - 0 - 1 0
200 2 1. 0 0 2 1 1
150 2 1 2 0 2 1 3
100 2 0 2 0 2 O 0
FULL VALUES  SURF PRESSURE  BASELINE CHECK RESIDUALS

Ps Zs INCR HORRES inPs 1inZs inZl  inZ2
960.0 426 -3.5 2.9 -2.9 -27 16 -42

P Observ Increment Hydrost Vertical Horizont

Z T Z T 4inZ inT Z T Z T

700 3162 5.4 9 0.9 869 -8.2 -9 -4.9
’ -2751 -558.7

500. 3175 9.6 -2686 15.9 -1985 14.2 -2720 15.1
’ 931 285.1

400 5890 -9.7 -1672 10.0 143 2.9 -1710 9.2
- -477 -113.3

300 7590 -19.5 -2049 14.7 -898 10.2 -2093 13.4

250 - -32.7 - 9.0 : A - 2.7 - 7.9
463 78.0

200 10940 -40.3 -1438 8.7 -40 4.6 -1504 7.4
-428 -101.6

150 12440 -48.1 -1789 8.9 -402 6.0 -1865 7.6
_ -765 -128.9

100 14300 -55.9 -2452 6.5 -1583 4.9 -2535 5.8

DMA results .

P Variable New value Correction Decision =~ Type Scan
850 Z 1516 0 5 102 1
700 T - 5.4 -19.6 1 3 1
700 Z - 3163 1646 1 3 1
300 zZ 7590 0 3 1 1
200 Z 10940 -0 3 1 1
500 T 9.6 0 3 3 2 .
500 z 3175 0 4 3. 2
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400 T -9.7 0 3 3 2
400 y 5890 0 4 3 2
300 T -19.5 0 3 12
300 z 7590 0 4 12
250 T -32.6 0 3 0 2
200 T -40.3 0 3 12
200 Z 10940 0 4 1 2
150 T -48.1 0 3 3 2
150 Z 12440 0 4 3 2
100 Z 14330 0 4 0 2

Unfortunately, this aim is not always achievable. It is sometimes very‘difficult, if
not impossible, to diagnose the origin of multiple non-isolated errors in a report.
Example 46 provides a good illustration of such rare event. Itis absolutely clear that all
reported temperatures at 300 HPa and above are completely wrong, and so are the
heights at 250 HPai and above. It is, however, unclear what has caused these errors.

The DMA succeeded in correcting all 9 errdneous values, 7 by the first scan and
remaining 2 by the second scan. As long as the cause of a“ these errors can not be
urid'erstood, itis impossiblé to decide whether it would be better just to reject the upper.

part of this report (as any other QC method would do) instead of correcting it.

Example 46
"Successfully” corrected trash

ID: 68512 LAT: -29.67 LON: 17.87 TIME: 92/05/03/00

SCAN 1
PRES

<
o

[
z
NNNNNROOS | ™

NNNNMNNOOOO T -0

I HOI IHSC IBAS TIIPL TIHPL
1000 - 0 0 0
850 0
700 O
500 0O
400 0
300 O
250 2
200 2
150 2

2

I
p
0
0
0
0
0
2
2
2
100 2

NNNMNNOOOO T N
NN NOOOO |

QWWWWoOOoOOO |
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P Observ Increment Hydrost Vertical Horizont
Z T Z T inZ AinT Zz T Z T
400- 7440 -22.9 18 -1.3 : 5 -9.0 21 -06.3
-164 -38.9
300 9500 0.0 11 37.8 185 26.2 22 38.4
-640 -239.8
250 10300 -6.7 -421 39.9 -3273 16.8 -403 41.4
S 7867 2409.0 :
200 19920 -2.9 7751 52.4 ' 5992 29.0 7778 53.5
-2786 -661.8
150 19430 2.0 5463 65.2 1545 41.8 5496 65.5
» _ -3996 -673.4 ,
100 18740 8.8 2331 75.9 -323 64.2 2357 75.9
DMA results -

P Variable New value Correction Decision Type Scan
300 T -40.1 -40.1, 1 3 1
250 T -46.2 -39.5 1 3 i
250 z 10712 - 412 1 3 1
200 T -52.8 _ -49.9 1 3 1
200 Z 12155 ~7765 1 3 1
150 T -62.3 -64.3 1 3 1
150 zZ 13940 -5490 1 3 1

SCAN 2
PRES TIINC 1IVOI TIHOI 1IHSC IBAS IIPL TIHPL
Z T Z T 2T '
00 - - - - - - - 0 0 0
850 0 0 0 0 0 O 0
700 0 0. 0.0 0 O 0 .
500 0 0 0 0 0 O 0
400 0 0 0 0 0 O 0
300 0 0 0 0 0 O 0
250 0 0 0 0 0 O 0
200 0 0 0 O O O 0
156 0 0 2 1 0 ¢ 0
00 2 2 2 2 2 2 5
P Observ Increment Hydrost Vertical Horizont
. Z T Z T inZ AnT Z T Z. T
150 13940 -62.3 -23 0.9 -783 -11.5 6 1.2

, 1876 316.1
100 18740 8.8 - 2331 75.9 - 2344 75.8 2357 75.9
DMA results
P Variable New value Correction Decision -Type Scan
300 T -40.1 -40.1 1 3 1

22500 T -46.2 -39.5 1 3 1
250 Z 10712 412 -1 3 1
200 T -52.8 © =49.9 1 3 1
200 Z 12155 ~7765 1 3 1
150 T -62.3 -64.3 1 3 1l
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150 z 13940 - -5490 1 3 1
100 T -68.1 -76.9 1 5 2
100 Z 16401 -2339 1 5 2

This kind of "over-work", or "over-productivity” of the CQCHT DMA is inevitable,
just because the main aim of the DMA is to detect and correct all confidentlyb correctable
errors. The CQCHT DMA never tries, un_liké some other QC methods', to "invent” any
missing data, and that is, of cours'e, very good. If, however, thé DMA detects errors,
suspected by hydrostatic and/or baseline check, it élways tries to correct the erroneous
data. It does so even with very short reports (Examplg 47) and with reports having
many missing data (Example 48). Nothing can bhe said against an overwhelming majority
of corrections made by the DMA. It happens, however, though very seldom, that the
erroneous data, corrected by the DMA, have no meaning at all, as, most probably, in
examples 46-48. In sﬁch cases, the DMA actions do not essentially differ from the
restoration of missing data,‘ and one may prefer to reject meaningless information
instead of correcting it. The above-mentioned human assistance in cases with multiple
non-isolated errors may help to solve this problem as well. It is necessary, however, to
understand that it is practically never ~harmful‘just to accept the corrections of

meaningless data performed by the CQCHT DMA.

Example 47 '
Multiple corrections of a short report by Scan 1

ID: 91334 LAT: 7.47 LON: 151.85 TIME: 92/06/09/12

HOI IHSC 1IBAS TIIPL IHPL

PRES TIINC IVOI I
Z T Z T Z 7T
1000 0 0 0 2 0 0O 100 2 2. 2
850 1 2 2 2 2 2 3
700 2 1 2 2 2 1 5

FULL VALUES SURF PRESSURE- BASELINE CHECK RESIDUALS
Ps Zs INCR HORRES inPs inZs inZl inZ2
1090.0 3 82.1  82.0 80.4 725 -470 1335

P° Observ Increment  Hydrost Vertical Horizont

zZ T Z T dinZz dinT z T zZ T

1000 93 26.5 20 -4.8 -42 '32.4 20 -4.8

' -94 -39.6 |

850 1594 98.0 105 78.7 157 83.1 105 78.7
-456 -160.1

700 2969 0.0 -159 -11.6 -220 -36.4 -160 -11.7
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DMA results . :
P Variable New value Carrection Decision Type Scan

1000 PS 1008.5 -81.5 1 100 1
850" T 18.3 -79.7 1 3 1
850 z 1494 -100 1 3 1
700 T 10.0 ' 10.0 1 5 1
700 z 3130 - 161 1 5 1

Example 48 ' : '

Successful multiple corrections by scan 1 in spite of all data holes

ID: 48042 LAT: 21.98 LON: 96.10 TIME: 92/05/07/00

PRES IINC IVOI IHOI TIHSC 1IBAS IIPL IJPL

Z T Z T Z2 7T

000 6 - 0 - 1 - - - - -

850 - - - - - - -

7200 0 0 0 1 0 O 0

500 0 2 2 2 0O 2 3

400 - - - - - - -

300 2 2 2 2 2 2 -3

250 2 2 2 2 2 2 3

200 - - - - - - -

150 - - - - - - -

100 0 0 2 0 0 O 14

P Observ Increment Hydrost Vertical Horizont
2T z T -inZ inT Z T Z T
700 3108 8.4 -13 -1.5 ; -1 -8.5 -16 0.9
. =153 -31.0 ‘
500 5820 27.0 2 33.2 -1248 26.2 6 32.6
3472 464.4
300 13780 27.0 4124 56.8 4400 35.4 4136 56.4
_5001 R R .
250 10350 15.4 -573 56.4 A -2979 37.8 606 55.6
: -200 -14.9

100 16630 -78.5 52 -3.2 244 -7.8 -16 -3.2

DMA results : .

P Variable New value Correction Decision Type Scan
500 T -7.8 -34.8 1 3 1
300 T -29.5 -56.5 1 3 1
300 z 9649 = -4131 1 3 1
250 T -45.6 -61.0 1 3 1
250 z 10939 589 1 3 1
100 T -78.5 0.0 3 14 1
100 z 3 14 1

16630 0
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9. Summary and Conclusions

Table 9.1 confains some statistics 'on the CQCHT performance obtained in the
course of its quasi-operational monitoring in August 1992 by the authors. The numbers '
of reports in the Table are those averaged over 54 main observation times and rounded
' to closest integers. In order to compare the CQCHT performance with that of the "’old"
code (CHQQ), we also computed analogous statistics for it, as if it were applied to the

same data. These statistics are presented in the lower part of the Table,

Table 9.1

Statistics of CQCHT performance in August 1992
(numbers of reports per main observation time)
. ‘ Hydro~ Base- Hole Obser-
_ ) static Tline | vation
. Suspected 50 8 7 22
Completely corrected 41 5 1
Partly rehabilitated 4 0 0
Rehabilitated ‘ 0 6
Passed to MOD 9 -3 7 22/
CHQC would: suspect . 50° 6 7
correct 27 0 0
pass to MOD 23 0 0

Among the four categories of errors, those detectable by the hydrostatic check
happen most often: there are about 50 such reports, on average, per observation time,
which amounts to more than 7% of all arriving reports. The old code would be able to
correct 54% of these reports, providing MOD specialists with information about
remaining cases and requesting.their help. As a rule; it would be easy for a specialist to .
decide what should be done in each such case. In contrast to that, the CQCHT DMA
- treats aI'I cases with hydrostatic suspicions. In 82% of these cases, its corrected error
type is in complete agreement with the hydrostatic suspicion, while in.remaining 18% of
them it decides either to rehabilitate one of two susApected values, or to make no
~correction at all. All these decisions are made entirely automatically, and only

informatioh about reports with decisions including rehabilitation is put into the MOD
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file. The average number of such reports, 9, is much less than 23 reports sent by the
CHQC. ' |

As to the errors detectable and correctable with the aid of the_ baseline check, the
- CHQC detected many of them but was unable to univaluedly determine the error origin
~and, thus, to correct any of such errors. The CQCHT DMA automatically corrects a
majority of these errors, providing vthe'MOD specialists with information about the

remaining, unindentified cases.

The situation with data holes is analogous to that just-described. The CHQC just
detected all of them. In contrast to that, the CQCHT investigates, for each data hole,
whether there is any communication-related error at its lower and/or upper boundary,
‘and corrects e\'JAery diagnosed error. The result is most often negative, but the CQCHT
DMA passes- its information about each data hole to MOD, because the sensitivity of the
hydrostatic check over a hole is low and because there may be a com'putational error in

its thickness.

Errors of the last group, the observational ones, could not even be detec;ed_ by
the CHQC, only the CQCHT does it; Table 9.1 shows that a comparatively large number
of reports are distorted by observational errors. One has to take into account, however,
that such errors have a sfrongly uneven geographical distribution: as illustrated by
Table 9.2, an overwhelming majority of them occur over the Indian Subcontinent (WMQO
Blocks 42 and 43). Itis impossible to correct any of these efrors, and the CQCHT DMA
flags such data either for rejection from the data assimilation set or for assimilation with
diminished weight. At the same time, all information about detected observational

errors is'given to MOD, so that a specialist m-ay ovherride the DMA decisicn as to which

particular data in every such report should be rejected and which should remain.

One may see from this comparison that the CQCHT is substantially more
productive than the "old" CHQC was: it automatically corrects about twice as many
errors, and it additionally detects many other errors. The main CQCHT advahtage is,
however, different: while the CHQC DMA is unable, without human help, to co'rrect up to
50% of errors detected by it, the CQCHT DMA pérforms almost entirely automatically
{with an exception for small number of unidentified errors suspected with the aid of the

baseline check). It thus makes redundant any subjective quality control of rawinsonde
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height and temperature, unless the CQCHT results indicate the desirability of human

help.

" Table 8.2
Statistics of CQCHT-detected rawinsonde observation errors in height

and temperature of mandatory isobaric surfaces

Absolute numbers (N) of observational errors per main observation
time over different regions, averaged over 50 observation timés in
December 1991, and their ratios to the overall number of reports with
observational errors (ryin %) and to mean numbers of all reports over

the region (rp in %)

Region WMO Blocks

N ry ro
Western and Central Europe 01-17 0.8 4.4 0.9
CIS (former USSR) . 20-38 3.4 18.8 2.3
“Indian Subcontinent 42-43 7.0 38.7 30.0
China 50-59 2.1 11.6 1.9
Other regions of Asia 40-41, 44-48 1.1 6.0 1.8
Africa » 60-68 0.8. 4.4 2.7
North America , - 70-74 0.9 5.0 0.7
Central America 76,78 0.5 2.8 3.3
South America and Antarctica 80-89 0.6 3.3 2.6
Pacific Islands, Australia and 91-98 0.9 5.0 1.7
New Zealand - -

At the same time, the CQCHT algorithm produces plenty of information essential
for the MOD specialists. The CQCHT DMA automatically produceé such information, and

it is up to the MOD specialists how to use it in the best possible Way.

We hope very much that the situation in that respect will substantially improve
when the Interactive Quality Control (IQC) software, designed recently by jack Woollen,
 becomes operational. ‘ Undoubtedly, this will bring the quality control at NMC, and

particularly the MMM actions, to a new, much higher level. In order to perform this
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rather difficult and interesting work on a sufficiently high level, the MOD specialists
have to achieve, with the aid of this Office Note and other training, the necessary

understandivng of the Complex Quality Control of rawinsonde data on Height and

Temperature.
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- Appendix A. Baseline Error Conditions and Correc'tions, Constants, Notation

Dictionary

The 'Appendices use notation taken directly from the CQCHT code. For their

easier understanding, a Notation Dictionary is introduced here.

A.1 Notation Dictionary

Some terms are used, with different endings to the spelling, for the variables z or

T and for different levels or layers. The notation convention for those cases is to put the

- various choices in parentheses.

baseline(in z,, in p,) baseline residual in terms of (lowest mandatory level height,

BASRES
CHQC
CORECT
CORRECTION
CQCHT

' DMA

pOZ

DTALL

HINCPS -
HOIRES

hor (z,T)
] hor Pmsi.

HSCRES

hyres

surface pressure)

normalizing constant for baseline residual

Complex Hydrostatic Quality Control

subroutine to berform corrections, main subroutine of DMA
difference between NEW-VALUE and VALUE ‘
Complex Quality Control of Heights and Temperatures /

Decision Making Algorithm

- vertical deviation of height increment

RMS hydrostatic residual, in terms of temperature, when there are
no hydrostatic errors

horizontal residual of surface pressure

vector of values: limiting abéolute values for height and
temperature horizontal residuals

horizoh_tal residual of (z,T)

horizontal residual of surface pressure reduced to mean-sea level
vector of values: limiting absolute values for height and
temperature hydrostatic residuals

hydrostatic residual

HYRES (HEIGHT,TEMP) or Hydrost (in z, in T)

IBAS
HOI( ,Z,T)X2,3)

hydrostatic residual in terms of (height, temperature)
indicator for baseline residual -

indicator for horviz-:)'ntal check residual for ( ,g,ﬂ at levels
(k+1,k+2) o
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IHPL indicator for mean-sea-level horizontal check residual

{HSC : indicator for hydrostatic residual o
IHSC(1,2,3) _ indicator for hydrostatic residual for Iayers (k-1 to k,k to k+1 ,k+1
to k+2) '
HINC( ,Z,T’)( ,»2,3) indicator for incren’ient for ( ,z,T). at level (k,k k+1)
IPL " indicator for mean-sea-level increment |
inc(z,T) observed increment of (z,T)
incp, increment of surface pressure reduced to mean-sea level
A WVOI( ,Z,T)2,3) indicator for vertical check residﬁal for( ,z,T) at levels (k+1 ,k-i-2)
lev integer referring to mandatory level
MOD Meteorological Operations Division

- NEW-VALUE modified values of listed values, each modification making, by
itself, the baseline residual equal to zero ’

OINCPS observed increment of surface pressure

PRESSURE, PRES, P mandatory level pressure

PS ' surface pressure

PSCOR - surface pressure correction implied by baseline residual
PSRES normalizing constant for surface pressure indicators ‘
TCLIM carrection limit for absolute value of temperature corrections’
TCMIN used in testing temperature corrections '
TSTCOR subroutine to test pfoposed corrections

VALUE reported values -

vert(z,T) vertical residual of (2,T)

VOIRES vector of Valués: limiting absolute values for height and

temperature-vertical residuals
XINC vector of values: limiting absolute values for height and
temperature increments

£1,22 first and second reported mandatory surface heights

ZCLIM1 correction limit for absolute value of height corrections at 1000,
850, and 700 HPa
ZCLIM2 correction limit for absolute value of height corrections at 500

HPa and above

ZCMIN : ‘multiples are used in testing of height corrections
A station elevation above sea level '
ZZCOR ‘ height correction
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The conditions for diagnosis of each baseline error type and the corrections will
be givenvin this Appendix. The information is given in compact form, so that
explanation of the'nofation used is needed. The notation, max(a,b), has the value of the
maximum of a and b, |a] means the absolute value of a, and avg(a,b,...) has the value of

the average of the values listed in parentheses.

Whenever a Type 106, 100, 101, 0r 116 error is diagnosed, a correction is
made. Therefore, the existence and magnitude conditions are combined.

A.2 Constants for error determination

There are empirical constants that are used for determination of baseline and

other errors. They are collected here for easy reference. Wherever possible, Sl units are
used (m,kg,s,AK).

AA=03 DTALL =, =3.5K ECON1 =025  ECON2 = 0.20
ZCLIM1 =30m ZCLIM2=85m  TCLIM = 10K

ZCMIN=8m  TCMIN = 5K ' BASRES = 40m PSRES = 8HPa
Some physical constants are also used.

R=287.05Jkg!'K! g=9.80665ms? Ty,=273.15K
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Values of XINC:

pressure (HPa) for z (m) for T (K)
1000 160 17
850 120 17
700 120 13
500 130 11
400 160 11
300 180 12
250 190 13
200 210 15
150 210 17
100 210 17
70 210 17
50 210 17
30 210 17
20 210 17
10 210 17

Values of HOIRES:

pressure (HPa)  for z (m) for T (K)
1000 120 17
850 90 15

- 700 90 13
500 130 10
400 150 11
300 180 12
250 190 12
200 210 12
150 210 11
100 210 14
" 70 210 15

- 50 210 17
30 210 17

.20 210 17
- 10 210 17
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Values of VOIRES:

pressure (HPa) for z (m) for T (K)
1000 120 17
850 . 70 17
700 60 14
500 ' 70 11

400 80 o 11
300 90 11
250 90 12
200 90 - 15
150 120 16
100 180 17
70 210 17
50 210 V4
30 210 17
20 - 210 17
10 210 17

Values of HSCRES:

pressure (HPa) HSCRES {m)
1000-850 65
850-700 65
700-500 35
500-400 ‘ 50
400-300 35
300-250 .40
250-200 35
200-150 40
- 150-100 50
100-70 85

70-50 70
50-30 70
30-20 80
20-10 - .70

A.3 Type 106 Error--Surface Presrsure Measurement Error
Existence/mqgnitude conditions:

Slik_li/XlNCk_, > 2 where i, is the height increment
11IDOZ,|/XINC, , < 2, where DOZ is the vertical deviation of height

11li,, - i [/XINC,., + XINC,) < 2
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2|p,<l/PSRES < 1

2|5y 41 1/HSCRES, | < 2
Surface pressure ; 0 (reported value non-zero)

lipsl > PSRES or SZS > PSRES, where |ipsl is the surface pressure increment and

is the surface pressure horizontal residual

h
Sps

Corrections:

PSCOR = avg(i , s,f,’s) is.the surface pressure correction

ZZCOR, = (R/g)(T, + Ty Inl(p, + PSCOR)/pS] is the correction to all heights

A.4 Type 100 Error--Surface Pressure Communication Error

Existence/magnitude conditions: ' j

h

»s| > 6 (units are HPa)

lipsl >6 or 's
2|ips + PSCOR|/PSRES < 2

21, + PSCORI/PSRES < 2
|DOZ, /2,9 < 0.4
Correction to surface pressure:

PSCOR = avg(-iy, , sk, , p,9

A.5 Type 101 Error--Communication Error in Lowest Mandatory Level Height

with Missing Temperature

Existence/magnitude conditions:

zy +DOZ,
zf —-DOZ,

<max(1.2x10* z, + .02, .08)
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hydrostatic error .type =0

T, is missing

5li 4 I/XINC, y 2 2, where i, is the increment of z
height correction:

ZZCOR, = avg(DOZ, , z,9

A.6. Type 116 Error--Computational Error in the Height of the Lowest
Mandatory Level. ' ‘

Existence/magnitude conditions:

HPL =0 (surface pressure increment small)
IHPL=0 . »(;surface pressure horizontal residual small)
IHSC =0

Tl — i |

1, wh i, is the height inc t
XINC,s + XING, <1, wherei, is g remen

4[/‘,< +sz

.
XINC, + XINC, ~

S5H/XING, ;22
Height correction:

ZZCOR, = s®

A.7 Type 102 Error-Undetermined Baseline Error

A Type 102 error is diagnosed when one of the baselin‘e check quantities is
'large, but no other type is satisfied. The variable that likely has a problem is identif_ied.

No correction is possible.

lowest height likely bad:
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IBAS = 2 baseline residual large
IHSC = O (original diagnosis of Type.O)
z, < 1000m

surface pressure likely bad:

IPL=2 and/or IHPL =2 surface pressure increment and/or surface pressure

residual large
IHSC = 0 (original diagnosis of Type 0)

z < 850m
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Appendix B. Details of Decisions and Criteria for Hydrostatically Detected Errors

This Appendix will consider the details of the criteria for determining the
acceptability of a correction (decision = 1). It will also give the criteria for other
decisions: = 4 for bad data, uncorrected, =3 for likely bad data, and =2 for good data.

The general strategy of dealing with each error type is given in section 6.
B.1 Type 1 Errors--Communication Error in Mandatory Level Height

Normalized sums of increment and residuals are defined before and after
correction. These will be used to test the acceptability of a correction. In all cases, the

sums include terms for data that are not missing. For the available checks

B=bl+bh+b"  sums of normalized increment, residuals before correction
A=a+ah+a | sums of normalized increment, residuals after correction
. r=B/A
where
g1 i L] i+ ZZCOR,
ECONI 7i A ECONZ2 c 7i |4
: XINC ' XIN

KIXINC, K XINC,

where i is the height increment. If available, the vertical deviation of the height

increment replaces the increment. See A.1 for values of the constants.

{1 st N 1 s" + ZZCOR,
= ) a = T
ECON1 Seh M ECON?2 Sch M
HOIRES | ———— HOIRES |-————
K| HOIRES, *|HOIRES,
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where sh is the horizontal height residual. Again, the vertical deviation of sh

replaces sh if available.

L1 s 1\ s"+ZzZCOR,
| ECONI 7ov M| LECON2 o M

VOIRES | | VOIRES [———

Sk VOIRES,, *\VOIRES,

where sV is the vertical height residual.
For the lowest level, check the agreerhent of the proposed correction with z,<
lz,¢ - ZZCOR,| < ECON2 * XINC, is required in addition to conditions listed belbw.

At all levels, the following is required for correction (decision = 1). (Here and for
other error types, the conditions are listed in several lines. This is used to signify that

all the conditions must be satisfied, unless the word "or” is specifically used.)

Number of available checks, n, is at least 1.
B>n
A<nor(r>3 .aﬁdA’< 1.5n)

Datum is marked as bad (decision = 4) if
not decision 1 |
nz1 - . _
B>n
scan > 1

Datum is marked as doubtful (decfsion} =3) if.

not decision 1 or 4
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nx1
B> 0.5n
Otherwise, mark datum as all right (decision = 2).

B.2 Type 2 Errors--Communication Error in Mandatory Level Temperature

Section 6.3.2 describes in a general way how temperature errors are determined.
The specific criteria will be described here. One characteristic error for temperature is a
sign error, and it is tested for specifically. The basic idea is to test what would be the

lapse rate under the assumption of a sign error. Some quantitigs are defined:
Ag=-g/c, dry adi.abatit‘lapse rate
Using fhe reported temperatures and height5~-
A= -T )/ - Zk.l)A AT =T - Tk)/(zk;rl - Zy)
Under the assumption of a sign error, the correct lapse rates are--
A= (T - T2 - 2,) At = (T, + Tk>/(2;+1 -2

In checking, the absolute value of the difference of these lapse rates from the dry

adiabatic lapse rate is used. These differences are defined as--
5 =\ - Ayl | & = A5 - Al
&t = [AF -1yl &t = [Ast - 4yl
A sign correction is accepted .if
12T, + TTCOR,| < 5K
A2 11y or A <
AMT21.1%, or At < 8t

If a sign correction is not acceptable, then the proposed temperature correction is

rounded to the nearest 0.1 degree and a simple correction is found. The criteria for
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acceptance are similar to those for a Type 1 correction. Normalized sums of the

increment and residuals are defined for before and after the correction.

B = bi + bh + bv sums of normalized increment, residuals before correction
A=al+ah+a¥ - sums of normalized increment, residuals after cofrection
r=B/A
where
b i 'a;_ 1 i+ZZCOR,
"~ ECONT o |7 AA " T T ECON2 |7 AA
XIN . XINC |
KIXINC, K XINC,

where i is the temperature increment. For temperature, the vertical deviation

never replaces the increment. .

(1 sh e 1 sh+ Z2zCOR,
~ECONI 2ch M ECON? g M
HOIRES, |———— HOIRES, |———n
X\ HOIRES, *HOIRES,
where sh is the horizontal temperature residual.
y 1 s ' Y 1 sY + ZZCOR,
= - N qd =
ECONI G ECON2 S A
VOIRES  |———— VOIRES |-
S VOIRES, OIRES VOIRES,

where sV is the vertical temperature residual.

The proposed correction is accepted if {decision =1)
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the number of a\}ailable che;ks, n, is at Ieést 1
B>n
A<n or (R>3 and A< 1.5n)
' ;fhe decisiém =4 if
decision not 1
n>1
B>n
scan > 1 ‘
The decision = 3 if
decisjon isnot1or4
n1
B> O.Sn.
Otherwise, the decision = 2.

B.3 Type 3 Error--Communication Errors to Both Height and Temperature at
the Same Mandatory Level

Details of the decisions for a Type 3 correction follow. First, TSTCOR is called for
height at level k, returning IHSC1, IHSCZ2, IHSC3, INCZ2, IINCZ3, IHOIZ2, IHOIZ3, IVOIZ2,
and IVOIZ3. (See Appendix C for the details of TSTCOR. The returned vélues have a
range of 0, 1, or 2. They are returned for the hydrostatic residual for layers (k-1,k),
(k,k+1) and (k+1 k+2), for the incrementé at levels k, k+1, for the horizontal residuals at
levels k, k+1, and for the vertical residuals at levels k, k+1.) TSTCOR is also called for
temperature at level k, returning IHSCT1, IHSC2, IHSC3, lINCT2, INCT3, IHOITZ2, IHOIT3,
IVOIT2, and IVOIT3.

The following are used in the dééisions:
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1Z = INCZ2 + IHOIZ2 + IVOIZ2
IT = IINCT2 + IHOIT2 + IVOIT2

30. k<3
85 k>3

ZCMINZ = 4{:!.7”8[(-],}(

ZCMINT ={

The notation min{a,b,...) means that the minimum of ()a,b,..‘) is to be choseﬁ.
ZCMIN = min(ZCMIN1,ZCMIN2)  (minimum of values is used)
1 if adjacent hydrostatic level types=0

IHSC é' and (IHSC1=2 or {HSC2 = 2)
0 otherwise

The decision = 1 for both height ahd temperature (Tybe "3=3"if
12 <2
[ZZCOR,] > ZCMIN
IT<?2 |
ITTCOR, |25
IHSC =0
Make height. correction only (Ty'pe "3=1"if
previously considered corrections not accepted
[Z <2
[ZZCOR,| =2 ZCMIN
IHSC =0

Make temperature correction only (Type "3=2") if
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previously considered corrections not accepted
IT <2
ITTCOR, | 25
IHSC =0
Otherwise, make no correction. .

B.4 Type 6'Error--Computation Error in Thickness |

Quantities as they would be after correction are defined and used in the decision

process. Define
DINCT = iy - iy + ZZCOR
DINC2 =i, - iy
DHORT = sh, - sh, , + ZZCOR,
DHOR2 = sh,, - s
Do not make a correction (set decision = 2) if
' lDlN_CH > 0.25 XINC,
~or [DINC2] > 0.25 XINC,
~ or [DHOR1[ > 0.25 XINC,
or [IDHOR2| > 0.25 XINC,

Otherwise, continue with the checking:

Call TSTCOR for height at level k, returning IHSCT, [HSC2, IHSC3, 1INC2, 1INC3,
IHOI2, IHOI3, IVOI2, IVOI3. (See Appendix C for the details of TSTCOR. The returned
values have a range of 0, 1, or 2. They are returned for the hydrostatic residual for
v IayeArs (k-1,k), (k,k+1) and (k+1,k+2), for the increments at levels k, k+1, for the

horizontal residuals at levels k, k+1, and for the vertical residuals at levels k, k+1.)
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Define
ISUM = [INC2 +>IHOIZ + IVOI2
Corrections are made (decisioh =1)if
ISUM <2
IHSC1 < 2

OtherWise, set decision = 2.

B.5 Error Types 7 to10--Communication Errors at Adjacent Levels

The decision methodology for Types 7 to 10 is nearly identical. They begin by
calling TSTCOR for the relevant variables (z for Types 7, 9 and 10, T for Types 8, 9 and
10). Next, define : '

1INC2+1HOIRZ +IVOR at k. or s
[INC3 +HOI3 +IVOB at k +1
ISUM = .
IINC2 +HOI2 atk }
forT

[INC3+IHO13 at k +1

The decisions for levels k and k+1 are:

Decision _level k canditions level k+1 conditions
1 ISUM < 2 ISUM < 2
[HSC1 <2 IHSC2 < 2
IHSC2 < 2 IHSC3 < 2
3 ISUM < 4 ISUM < 4
IHSC1 < 2 IHSC2 <2
IHSC2 < 2 IHSC3 < 2
4 ISCAN > 1 ISCAN > 1
(ISUM > 4 (ISUM > 4
or [SHC1 =2 or ISHC2 =2
or [HSC2 = 2) . orlHsC3=2) -
2 otherwise btherwiée
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Appendix C. Routine to Test Proposed Corrections (TSTCOR)

The routine to test proposed corrections (TSTCOR) is called for each error type
except Types 1, 11, 2 and 22. It calculates integers reflecting the size of the increments
and residuals after a proposed correction is applied. The steps for calculating these

integers, called indicators, is outlined below.
Calculate new increments for all template levels.

Calculate vertical deviations of increments at 2nd and 3rd template levels (k and
k+1)

Calculate revised hydrostatic residuals for template layers.
If k is the lowest level, recalculate the baseline quantities.

Perform the horizontal check for the 4 template levels:
collect data from influencing stations
form terms of'weight equation matrix
solve equation for residual weights

calculate the horizontal residual

Calculate the vertical deviations of horizontal residuals at the 2nd and 3rd

template levels.
Calculate the new vertical residuals.

» Calculate indicators of revised quantities at template levels 2 and 3 (also
- template layers 1, 2 and 3 for hydrostatic indicators). These indicators have the value 0,

1 or 2 and represent normalized values of the new increments or residuals.

In the following, the notation min(a,b,...) means that the minimum of the values

‘(a,b,...) is to be chosen.

Consider the indicatofs for the vertical check first. They are
IVOI2 = min(2(s¥y y,,|/VOIRES, , 2) '
and

IVOI3 = Min(21s%y, 2/ VOIRES . , 2)

C1



wherg s¥is the new vertical residual, VOIRES values are given in A.1, and min(k,l) has an

integer value equal to the smaller value of k and |.

The indicators for the increment and horizontal residual consider the deviations

in addition to the values. For the increments, the indicators are _

INC2 = min(2liy i, |/f XINC, , 2ij ., I/d XINC, , 2)
and _ ' , .

INC3 = min(2liy; |, I/f XINCyy1. o 2ligyy gi2l/dTXINC, ,; , 2)
where i is the new increment, d' is the deviation for new values of the increment, and
the values of XINC are given in A.1. The parameter, f, is included so that the values of
the terms are relatively reduced for large values of the new increment. Appropriate

variations of f are used also for the horizontal and _hy‘drostatic indicators. It is given by
f(x) =1+(log, g(x)”

with

| 1 X < XMAX /2
g(x) = .
2|x|/XMAX, otherwise

In the use of f above, x =i and XMAX = XINC,. The function is also shown in Fig.
C.1 for the range of x = 0 to X = 5 XMAX.

For the horizorltal residuals, the indicato_rs are

[HOI2 = min(2|sh .., I/f" HOIRES,, , 2[dPy I/ HOIRES, , 2)
and '

IHOI3 = min(2Ish,,, ,,,1/f1 HOIRES,,,, , Zldhkﬂlml/fh HOIRES, ,, ., 2) -
where sh is the new horizontal residual, d is the deviation for new values of the
horizontal residual, and the values of HOIRES are given in A.1. The values of f are
calculated with x = s and XMAX = HOIRES. .

_For the hydrostatlc resnduals the mdlcators are calculated for the three template
layers They are given by ‘
IHSCY = min(2]s,; \|[/HSCRES, ,  , 2)
IH5C2 = min(2]s, \,,[/HSCRES, ., , 2)
IHSC3 = min(2]s,,, k2l /VOIRES, ¢ 15, 2)
where s are the new hydrostatic resxduals and the values of HSCRES are glven inC.1.
The function f is calculated with x = s and XMAX = HSCRES,, ;.-
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Appendix D. Description of Algorithm to Determine Hydrostatic Error Type

This Appendix describes the algorithm to determine the hydrostatic error
type (CORECT). The description is in words and pseudo-code.

Set IER = 0.
Define--
TMIN, = 2%, = 7.0K k=1 to NPLVL (NPLVL = 15)

ZMIN, = 2T, /B2 1y + By k=2 to NPLVL-1

ZMIN; = 1.33 ZMIN,
ZMINypiy = 1-2 ZMINyg, 4 »
- Determine the number of the top complete level (LTOP).

Beginning at the bottom, get 4 levels of data. Two scans through the

data are made.
Calculate the hydrostatic residuals, s, , and-sy ;-

Calculate B, ; , and By 14y for the layers, summed across missing data

levels.

Calculate the rms hydrostatic residuals, SBl'Gk_Lk and SBIG, ., for the

layers.
Teét for errors at the top level:
if IER = 0 or k+1 > LTOP then
if k+1 > 11 and (k+1)-(k) > (k+1)-10 then Type = 13 (hole at top)
(Remember that k-1, k, k+1, k+2 are indices for leQels with both -

height and temperature not missing. They need not be

consecutive.)

if the number of the level k+1minus the number of the level k is greater

_than 2, then Type = 14 (hole at top)
if (ISky il > SBIGy; . and ISy g1 > 0.7 SBIG, 10)
or (ISyq 4l > 0.7 SBIG, ; and‘lsk,kﬂl > SBIG 1)
and Type = 0 then
calculate--
ZCOR, = By 4Skeet = Bioke1 Skt 1/ Brer i + By pear)

ZCOR, is rounded to nearest meter to 700 HPa and to the nearest

10m above.
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TCORy = (Sy.1 & + Sk ka1)/ By  + By 1), rounded to nearest
1/10 degree ’

2= 2Fau\/ Bk + Blg,kﬂ

T2 =21, v

if [ZCOR,| > Z2 or [TCOR,| > T2 then Type = 3 (at top)
elseif 15, 4| > SBIG o1 | |
~and (IS 4l < 0.75 SBIG ) or (Isy; /Sy k1l < 0.33) then

ZCOR ‘=‘sk,k+1, rounded |

TCOR, 41 = Sy y41/By k41: rounded

Type=5 -
Get third residual, etc.: sy, 112y Byay kaas SBIGiy 14z
Calculate ratios which determine most probable error type.
C=(0.75, 1.0) for scan = (1,2)

Calculated for layers other than the top and bottom are:

2 2 2
\! Bk + Bicknr + Bicyiks2

RZZ = 2C Fa” .
lSk—l,k + Skk t 5k+1,k+2| B

(tests Type 7 existence)

_ 2M3Ct
| Xk = Xickar + Xeargs2]

2T, Bl + 28
RZT = all k-1,k kk+1

: ISk—l,k + Siekat — (Bekn / Brarg2 )Sk+7,k+2|

RTT

{tests Type 8 existence)

{(tests Type 9 existence)

' 5 2 2
2Cty, \/ Biciksz + 2Bk

RTZ=- (tests Type 10 existence)
ISk,k-H + Spake2 (Bk,k+l / Bk )Sk—l,kl
lSk—l K I |5k+1 k2 I ' .
RZZM; = =—=—  RZZIM, = —— tests Type 7 magnitude) .
' ZMIN, 2= ZMiN,,, ( vP 9 -
RTTM, = ——-———lﬂ(—_—]ﬁ!———— RTTM, = lSk*"k+2| . (tests Type 8 magnitude)
l - Bey / TMIN, ’ T B / TMING, '
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IS k-Tk i lSk+l k+2 I

RZTM, = ——— RZTM, = : tests Type 9 maghnitude

] ZMIN, : Briksz / TMINg ( Yp J )

RTZM, = -—-'S—"“il—— RTZM, = E‘i”‘—“l (tests Type 10 mégnitude)
" By / TMING 27 ZMIN,

And calculated for all layers are:

T B .
_ Slall Pkl T Pkilk+2 . (tests Type 1 existence)

, =
IS kil T 5k+1,k+Zl

-—O.S(Sk,k+l - Sk+l,k+2)

tests Type 1 magnitud
ZMIN, ( yp g e)

RZM, =

RT, = ' 2y {tests Type 2 existence)

IXk,k+l - Xk+l.k+2|

0.5| X g + Xesige2]

RTM, = " (tests Type 2 magnitud
2 TMIN,., ( yp gnitude)

These ratlos and the size of the re:;lduals etc. are examined to determme the
error type. The Iargest of the existence ratios determines the most likely type, and the
magnitude ratio is used to test that the magnitude is sufficient to make it likely that an

error has actually occurred.
In what follows "no holes" is shorthand for saying that there is at most one

missing level above or below the data level in question. And "is maximum"” is shorthand

for saying that a quantity is the largest of all similar values.

The type determination proceeds as follows, checking first for

communication error of height at a single level:
if RZM, > 1 and no holes and RZ, is maximum then
type=1 .
ZCOR,,, is given by Table 5.6
correctvion is made simple
if ZCOR, ;] < ZLIM,,, then set Type =11,
30, ki1 < 3

where ZLIM, ,, ={85. kil > 3
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Test for communication error of temperature at a single level: '
if R'IV'M2 > 1 and no holes and RT, fs maximum then ’
type = 2 .
TCOR,,, is given by Table 5.6
proposed correction is tested against allowable lapse rates
sign error correction is tested A
correction is made simple
if ITCOR, ;1 < 10 then set Type = 22
Test fér Types 7 to 10:
if !ay.ers are not bottém or top and if no holes, then
if RZ, is maximum and RZZM, > 1 and RZZM, > 1 then
type =7
ZCOR, and ZCOR-kH are given by Table 5.6
make corrections simplé
if [ZCOR,| < ZLIM, and |ZCOR,,| < ZLIM,,, then set Types to 11

if RTT is maximum and RTTM, > 1 and RTTM, > 1 and previously
determined type # 7 then

type = 8
TCOR, and TCOR,,, are given by Table 5.6
check resultant lapse rates
ti’y sigﬁ corrections
make corrections simple
~if [TCOR,| < TCLIM and [TCORy,,| < TCLIM then set types = 22

if RTT is maximum and RTTM,; > 1 and RTTM, > 1 and previously
determined type = 7 then

do not >make any corrections (set Type = 0)

if RZT is maximum and RZTM, > 1 and RZTM, > 1 then
type =9 » _ '
ZCOR, and TCOR,_, are given by Table 5.6
find simple correction for ZCO‘Rk
check resultant lapse rates

try sign corrections

D4



make TCOR,,, simple
if corrected temperatures give lapse rates exceeding dry adiabatic
by 10%, make neither correction and set Type = 99
if |ZCOR,| < ZLIM, and [TCOR,,,| < TLIM then set types = 11 and
22 for z, and T :
if RZT is maximum and RZTM, > 1 and RZTM, > 1 vand previdusly
determined type # 9 then '
type =10
TCOR, and ZCOR,,, are given by Table 5.6
find simple correction for ZCOR
check resultant lapse rates -
. try sign corrections
make TCOR, simple -
if corrected temperatures give lapse rates excéeding dry adiabatic
by 10%, make n'eitrher correction and set Type = 99 ,
if [TCOR,| < TLIM and [ZCOR,,,| < ZLIM,, then set types = 22 and
11 for T, and z,,, '
if RZT is maximum and RTZM, > 1 and RTZM, > 1 and previouslg/
determined type = 9 then |
set types =0
dd not make any corrections
Test for holes:
if pressure is < 100 HPa and at least two of the next higher pressure
levels, including 100 HPa, have missing height or temperature,-then
Type=13
if Type # 13 and at least two of the next higher pressure levels héve
missing height or temperature or both, then
Type = 14 |
Test for an error at the lowest level:

if the level is t_he lowest
and previously determined_ Type = 0-and
(Isy gl > SBIG 1y and lsk+l,k-'¢»2v|‘> 0.5 SBIG 4 42

or (ISy k! > SBIGy yq and IS, 1i/Sy kel < 1/3) then
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type=4.
ZCORy = sy 1, rounded
TCOR,, = X, 4, rounded
Test for errors to both height and temperature at the same level:
if ISy gl > SBIGy 4y and ISy ol > 0.7 SBIGkH,k;Z
or IS oyl > 0.7 SBIGy 1y and [sy 4 ipl > SBIGy,q yap
and previously determined Type = 0, then
ZCOR, and TCOR, are givén by Table 5.6 for Type 3
ZCOR, and TCOR, are rounded,

if [ZCORy 4| > 2?6,,,{8,3,,(“ +BPygsz OF [TCOR | > 2T,y then

_ type=3
Test for computation error in thickness:
if IS gs1} > 1.5 SBIG, .., and k is not the bottorﬁ level and k+1 is not the
top level and the previously determined type = 0, then
if i1 4/ Skl < 1/3 and Isyy ([ < SBIGy o
and s g/ Sl < 173 and sy ol < SBIGy,, 44, then
type =6 -
the height corrections are found in Table 5.6
The routine continues moving the template of values upward to the top,.

and from the lowest level upward for a second scan.
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| Appendix E. Observational Error Detection

- An observational error fs an error to the temperature as received at an observing
site. This temperature is used in the computation of thicknesses, and therefore the
heights and temperatures are hydrostatically consistent. This means that observational
, »errvors do not produce large hydrostatic résid’uals--the hydrostatic type is 0. Typically, a
temperature sensor will gradually go bad with elevatian, and the resultant heights will
go bad more rapidly with elevation. Even a small, &onsistent temperature error will lead
to a large height error at some higher level. This makes the detection of all levels of
observational errors difficult, and all profiles with any observational error detected are

sent to MOD for further consideration.

The various checks--incremental, horizontal, vertical and baseline--compute

indicators of the size of increments and residuals. These have the form

IINC = min(2]i| / XINC,2)
- IHOI = min(2|s| / HOIRES, 2)

IVOIl = min(2|s"|/ VOIRES, 2)

IBAS = min(2|s"| /BASRES, 2)

iPs| /PSRES. 2)

HPL = min(2

IHPL = min(zlsf”' /PSRES. 2)

where IINC, IHOI, and IVOL are calculated at the levels k-1, k, and k. IBAS, IIPL, and |HPL
apply only to the lowest level. The values'of the constants, XINC, HOIRES, VOIRES,
BASRES, and PSRES was given.in Appendix A. These indicators, along with the

hydrostatic diagnosis, are used to detect observational errors.

An observational error in height of a mandatory level is detected if
prior decision # 1 (no prior confident correction for this height)
hydrostatic type = 0 '
IINC + {HOI + IVO! 2 4 at level k

E.1



‘The decision is 4 for fevels up to 100 HPa, and the decision is 3 for leveis above |

100 HPa.

The detection of a temperature error uses a count. of the non-zero indicators:
{INC, IHOI, and IVOI at levels k-1, k, and k+1. These indicators are called NONZ,,,

NONZ,, and NONZ, _,. An observational error in temperature of a mandatory level is

detected if

* prior decision # 1 (no prior confident correction for this temperature)
hydrostatic type = 0. - '

[INC + IHOI + IVOL 2 4]
or [(NONZ, > 2 and NONZ, , 2 2) or (NONZ, > 2 and NONZ,, 2 2)]

The decision is 3.

Also tested is an observational error in surface pressure. It is detected if

IIPL + IHPL = 4.
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